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ABSTRACT 
STUDIES ON INTERACTION OF ROOT KNOT NEMATODE AND 
RHIZOSPHERE IN TOMATO 
Studies have been made to determine the effect of 
certain rhizosphere fungi on disease complex Involving root 
knot nematode, Meloidogyne Incognita (Kofoid and White) 
Chitwood and Rhizoctonia solani Kiihn on tomato cv 'Pusa 
Ruby'. 
Studies on the fungi associated with rhizosphere 
of tomato indicated predominance of members of 
Deuteromycetes throughout the growth of plant. The number 
of fungi was more during the growth stage than at senescence. 
The frequency of saprophytic fungi was more during senescence 
stage. Moreover, the rhizosphere activity was more during 
growing season of September to December. 
Rhizosphere inhabitants like, Aspergillus flavus 
Link., Epicoccum purpurascens Ehrenberg, Fusarium oxysporum 
Schlechtendahl, Rhizopus nigricans Ehrenberg, Penlci Ilium 
vermiculatum Dangeard, Trichothecium roseum Link ex Fries 
and Trichoderma viridae Pers ex Fries, known for production 
of toxins, antibiotics or antagonistic properties, were selected 
to study their effect on germination of seeds and seedling 
growth in the presence of R. solani and M. incognita. The 
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germinatlon of seeds of tomato was adversely affected when 
sown In soil Infested with these fungi and nematode 
separately or together, except in the soil Infested with E. 
purpurascens at Ig and T. vlr ldae at 5g/kg soil alone. Of 
these fungi, those showing desirable effect against root knot 
nematode together with less/no adverse effect on plant, were 
selected for further studies. T. v i r idae , T. roseum, E. 
purpurascens and P . vermicu latum improved the germination 
of seeds and seedling growth. However, T. roseum was more 
effective in improving the growth of plants in soil Infested 
with R. solani or M. incognita. When R. solani and M. 
incognita were present together, E. purpurascens proved to 
be more effective in mitigating the symptoms of both the 
fungus and nematode. T. roseum also adversely affected the 
nematode multiplication and gall index on tomato. The culture 
filtrates of these fungi resulted in reduced hatching and 
higher mortality of larvae of M. incognita. 
The fungi were grown in medium containing different 
carbon and nitrogen sources to determine the role of these 
on toxicity of culture fi l trates of these fungi to M. 
incognita. The requirement for carbon and nitrogen sources 
for growth of different fungi var ied, with highest growth 
of T. vir idae and T. roseum in glucose containing medium; 
P. vermicu latum in starch containing medium and E^. 
purpurascens in sucrose containing medium. By and large, 
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nltrate nitrogen was preferred over organic or ammonium 
nitrogen. 
The culture filtrate of all these fungi grown In the 
medium containing different carbon and nitrogen sources 
separately had an adverse effect on hatching. These culture 
filtrates resulted In high mortality of larvae. But the 
efficiency of reducing the hatching and causing more 
mortality varied with different carbon and nitrogen sources 
used in the medium for culture of these fungi. The toxicity 
of. culture filtrate to root knot nematode was more In culture 
filtrate of these fungi grown in ribose containing medium, 
except in E. purpurascens where culture filtrate of the 
fungus, grown in medium containing arablnose, was more toxic. 
Similarly, the culture filtrates of fungi grown in media 
containing different aminoacids proved more toxic for hatching 
and mortality of larvae of root knot nematode. 
There was a direct correlation the phenolic content 
of culture filtrates and toxicity to root knot nematode. 
The pathogenicity of R. solani, grown in medium 
containing different carbon and nitrogen sources on tomato 
varied. Although rhamnose supported the best growth of the 
fungus, but the culture filtrate of the fungus grown In the 
medium containing fructose was more toxic to root knot 
nematode. Similarly, ammonium sulphate in the medium, in 
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amongst different nitrogen sources, supported the best growth 
of fungus, but the culture filtrate of the fungus grown in 
medium containing lysine proved to be more toxic to root 
knot nematode. However, when plants were inoculated with 
R. solani alone grown on different carbon sources separately, 
more damage to plants was observed when fungus was grown 
in the medium containing fructose. Similarly, in inoculations 
of plants with R. solani and root knot nematode together, 
more damage to plants was observed when the fungus 
component was grown in medium containing-fructose. In 
Inoculations of plant with R^ . solani alone, the fungus was 
found more pathogenic to tomato when grown in medium 
containing lysine, but in inoculations of tomatoes with fungus 
and root knot nematode together the damage to crop was more 
when the fungus component was grown in the medium containing 
either urea or glycine. Highest inhibition in multiplication 
of root knot nematode on tomato and root knot index was 
observed, when the fungus component was grown in medium 
containing arabinose as carbon source and methionine as 
nitrogen source separately. There was, by and large. Increase 
in the phenol content in plants as a result of infection, but 
more increase in phenol content was observed which were 
least affected by the Inoculations with fungus or nematode 
or both. 
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INTRODUCTION 
Vegetables form the most nutritive part of human diet as a rich 
source of protein, carbohydrates, minerals and vitamins (Work 
a Carew, 19J)5). 
Among the vegetables, tomato occupies a unique position 
with i ts large number of uses. On an average, the tomato consists 
of 94.1% water; 1% protein; 0.3% fats; 4% carbohydrates; 1100 I.U. 
vitamin A; 0.2 mg vitamin B; 0.6% fibre; 0.6 mg nicotinic acid; 
0.31 mg pantothenic acid; 23 mg vitamin C; 0.27 mg vitamin E; 
0.004 mg biotin; 150 mg mallic acid; 390 mg ci t r ic acid; 7.5 mg 
oxalic acid; 3 mg sodium; 268 mg potassium; 11 mg calcium; 11 
mg magnesium; 0.6 mg iron; 0.10 mg copper; 0.19 mg manganese; 
0.27 mg phosphorus; 11 mg sulphur and 51 mg chlorine per 100 
g of fruit (Chatfield, 1949, 1954). 
Tomato is grown in almost a l l the parts of country 
occupying about 2 lakh hectares . The yield per hectare is 9.63 
tonnes, which is far less than the yield in developed countries 
(FAQ Production Statistics 1989). The reasons for the low yield, 
besides several, could also be due to losses to the crop by 
various pests and diseases (Singh, 1987). 
Large number of diseases due to fungi have been 
reported to inflict damage to tomatoes but Important ones known 
in India are Fusarium wilt (Fusarium oxysporum f . sp . lycopersici 
(Saccardo) Snyder S Hansen). Verticillium wilt (Verticillium a lbo-
atrum S. sp . verl idahliae Reinke 6 Birth; V. dahliae Kleb),Root 
rot (Col Letotri chum coccodes (Walls) Hughes). Collar rot 
(Sclerotinia sclerotium (Lib) de Bary; Botrytis cinerea Pers ex 
F r . ; Phytophthora parasitica Dastur; Alternaria solani (Ell S 
Martin) Son). Damping off (Rhizoctonia solani Kuhn; Pythium 
ultimum Trow; P. aphanidermatum Edson Fitz; Pe 1 lieu la ria 
filamentosa (Pat) Rogers; Sclerotium rolfsi Sacc), Downy Mildew 
(Perenospora tabacinl Adams). Leaf-spot (Cercospora fuliginea 
Roldan), Powdery Mildew (Level lulla taurica Lev Aruand), Leaf 
Blight (Septoria lycopersici speg) . Late Blight (Phytophthora 
infestans (Mont) de Bary). Leaf Mould (Cladosporium f u Ivum 
Cke . ) . Early Blight (Alternaria solanl) (Kalloo, 1986). 
Amongst different soil-borne pathogens attacking tomato 
seedlings, Rhizoctonia solani Kuhn is a widespread pathogen, 
causing variety of diseases like damping-off, root-rot , stem rot 
or stem canker. Damping-off is of two types (a) Pre-emergence 
damping-off, where the fungus attacks and ki l ls the growing tip 
of seedlingjs which then soon dies (b) Post-emergence damping-
off i . e . after the emergence, the seedlings succumb to death 
(Parmeter, 1970). 
Another group of pathogens, which causes considerable 
damage to tomatoes in India , is nematode. Amongst different 
nematodes found associated with tomatoes, root knot nematodes.. 
Meloidogyne incognita (Kofoid 8 White, 1919) Chltwood, 1949 and 
M. javanica (Treub 1885), Chitwood, 1949 and reniform nematode. 
Rotylenchulus reniformis Linford 8 Oliviera are of great 
significance. The losses in vegetables due to nematode have been 
estimated to extend to about 100 billion dollars annually (Sasser 
8 Freckman, 1987). On global basis the losses of crops due to 
root knot nematode are estimated to be 5 percent, with larger 
contribution from the developing nations, particularly in tropics 
and subtropics (Taylor 8 Sasser, 1978). In India it ranges from 
40 percent to 90 percent in case of heavy infestation on tomato 
(van Berkum 8 Sheshadri^1970; Bhatti 8 Jain,1977; Reddy, 1985). 
The fungal and nematode pathogens occupy the same niche 
in soil and thus the losses to crops often become many times 
more than the two individual pathogens separately (Webster, 1972). 
Considerable studies have been made on the Interaction 
of nematodes with fungal pathogens and the li terature has been 
reviewed from time to time (Miller, 1965; Pitcher, 1965; Powell, 
1971; Pitcher, 1978; Slkora , 1984; Webster, 1985 ; Swarup 
1990). The interactions between fungi and nematode have been 
identified as synergistic (Palmer 6 McDonald 1974; Scholte 8 fe'Jacob 
1989), additive (Garcia 6 Mitchell 1975) or breaking the 
resistance of host cultivar against fungal pathogens (Bowman S 
Bloom , 1966] or antagonistic ( Jorgensen, 1970; Walla 5 
Gupta 1986).. 
However, Pitcher (1965) classified the interaction 
between nematode and other fungi as : 
1. Vector of pathogen incapable of self-establishment unless 
introduced below the host epidermis. 
2. Vector of pathogen capable of self establishment once in the 
contact of host . 
3. Providing necrotic infection court for certain types of fungi 
and help them in their establishment. 
4. Providing mechanical portals as mechanical wound agents. 
5. Acting as breaker of disease resistance. 
6. Acting as modifier of substrate for colonization of other 
pathogens. 
7. Acting as deterrant. 
Even some non-pathogenic fungi or weak pathogens have 
been found to inflict damage when present with nematodes (Powell 
et^  a l . , 1971) . 
Most of the studies on interaction involving nematode 
and fungi have been made with pathogenic fungus as one of the 
component in disease complex. However, in nature this condition 
is r a re , but no attempt has been made to determine the effect 
of co-irhabitant nonpathogenic fungi on disease complex involving nema-
tode and pathogenic fungus. There are large number of fungi inhabiting 
the rhizosphere which might be influencing the disease complex 
si tuation, involving nematode and a pathogenic fungus. Stirling 
(1991) has rightly pointed out that microorganisms of rhizosphere 
do interact. Bowen earl ier (1979) suggested that microbial 
communities on the root surface form micro-islands, but they 
interact when they cross their t e r r i to r ies . The information on 
the influence of rhizosphere fungi on disease complex between 
nematode and a fungal pathogen in general is almost lacking. The 
losses due to nematode and fungus under controlled conditons 
(greenhouse) do not correspond to the losses due to them in 
nature. Other co-inhabiting fungi sometimes aggravate the disease 
complex in nature (Tchatchoua S Sikora,1979) and at times they 
act as antagonists to them (Walia 6 Gupta, 1986). Therefore, there 
is need to determine the role of rhizosphere fungi on disease 
complex involving root-knot nematode and pathogenic fungi. 
Meloidogyne incognita and Rhizoctonia solani cause 
considerable losses to tomatoes in this part of the country and 
often are iiVolved in disease complexes. Hence, in the present 
studies an attempt has been made to study the following, with 
a view to understand the role of certain rhizosphere fungi on 
disease complex involving root-knot nematode and R. solani on 
tomato. 
1. Rhizosphere and rhizoplane mycoflora of tomato cv 'Pusa 
Ruby' at planting and harvesting time during two growing 
seasons. 
2. Influence of certain rhizosphere fungi together with 
Rhizoctonia solani and root knot nematode Meloidogyne 
incogriita on germination of seeds of tomato cv 'Pusa Ruby' . 
3. Effect of infestation cf Epicoccum purpurascens Ehernberg, 
PeniciIlium vermiculatum Dangeard, Trichothecium roseum (Link) 
ex. Fries. Tnchoderma vjrldae Pars ex Fries in soil together 
with root-knot nematode (with or without Rhizoctonia solani) 
and nematode multiplication on growth of tomato cv 'Pusa 
Ruby' . 
4. Effect of different carbon and nitrogen sources on growth of 
four rhizosphere fungi and efficacy of culture filtrate of these 
fungi against root-knot nematode. 
5. Studies on the effect of eight different carbon and nitrogen 
sources on growth of fungi. 
6. Effect of culture filtrate of fungi grown on different carbon 
sources on hatching and mortality of larvae of root-knot 
nematode (M. incognita). 
7. Phenolic contents of culture filtrate of E. purpurascens, P. 
vermicu latum, T. roseum and T. vir idae as influenced by 
eight different carbon sources. 
8. Effect of culture filtrates of fungi grown on different nitrogen 
sources on hatching and mortality of larvae of root-knot 
nematode (M. incognita). 
9. Phenolic contents of culture filtrate of E. purpurascens, P. 
vermigjlatum, T. roseum and T. vir idae as influenced by 
eight different nitrogen sources. 
10. Effect of different carbon sources on growth of Rhizoctonia 
solani. 
11. Effect of culture fi l trate of R. solani grown in medium 
containing different carbon sources on hatching and mortality 
of larvae of M. incognita and phenolic contents of the culture 
f i l t rate. 
12. Effect of different nitrogen sources on growth of Rhizoctonia 
solani. 
13. Effect of culture f i l t rate of R. solani grown in medium 
containing different nitrogen sources on hatching and mortality 
of lar^^ae of M. incognita and phenolic contents of culture 
f i l t rate. 
14. Effect of Inoculating tomato seedling cv 'Pusa Ruby' with 
root knot nematode M. Incognita and R. solani grown on 
different carbon sources on growth and phenolic contents of 
plant and root-knot nematode population. 
15. Effect of Inoculating tomato seedlings cv 'Pusa Ruby' with root 
knot rematode M. incognita and R. solani grown on different 
nitrogen sources on growth and phenolic content of plant and 
root-knot nematode population. 
REVIEW OF LITERATURE 
Plant, pathogens and the environment form the disease 
triangle and the outbreak and intensity of disease depends upon 
the mutual interaction of these components. This is more true 
with mono pathogenic conditions which is very rare in rature. 
In soil roots of plants are exposed to a number of 
microorganisms which are common as rhizosphere inhabitants and 
which interact with each other to form a system. 
The fact that plant parasit ic nematodes interact with 
other pathogens in the rhizosphere has been recognised as early 
as 1892, when Atkinson reported that there was greater damage 
as a result of interaction of root-knot nematode, Meloidogyne 
species and the wilt fungus. Since then considerable work 
has been carried out on the disease complexes involving nematodes 
and fungi. The li terature ear l ier to 1970s has been reviewed by 
several workers (Pitcher, 1965; Weischer, 1967; Powell, 1371}. 
In present studies, therefore, the literature after 1970's has been 
reviewed. 
In disease complexes, situation involving nematode and 
fungus, there may be a) loss of fungal resistance to host plant 
b) an additive effect, c) synergistic effect resulting in accentuated 
degree of pathogenicity, d) suppression of symptoms, e) earl ier 
appearance of symptoms. 
Powell (1971) categorised various interaction between 
nematode and fungus as follows : 
a) Nematode - Fungus wilt disease interaction 
b) Nematode - Fungus root rot disease interaction 
c) Nematode - Fungus seedling disease interaction 
Nematode fungus interaction vis-a-vis pathogens depend 
upon the type of fungus involved in the disease complex 
syndrome. Different kinds of nematode fungal Interactions have 
been reported where fungal component was a pathogen, saprophyte 
and antagonist. 
2.1 FUSARIUM (Link) 
I^sarium s p . was first reported to be involved in 
disease complex with Meloidogyne spp . which resulted In increase 
in severi ty of cotton wilt (Atkinson, 1892). Sumner 6 Johnson 
(1973) reported increase in amount of wilted plant of water-melon 
in the presence of root knot nematode (Meloidogyne Incognita) 
when both fungus and nematode were present together. The 
symptoms were more prominent in variet ies resistant to wilt 
fungus. Melakerberhan 8 Evans (1981) observed a break in resistance 
in two resistant cultivare of cotton (UK 71 6 77) due to the 
presence of M. incognita. Nematode was effective in breaking 
resistance both in simultaneous and sequential inoculations with 
Fusarium oxysporum f . sp . vasinfectum (Atk) Snyder 8 Hansen. 
A reduction in resistance of cowpea cultivar 'californi black eye 
no. 3 ' to F . oxysporum f . sp . tracheiphyllum (E.F . Sm) Snyder 
6 Hansen, with an increase in severity of wilt, was reported when 
plants were inoculated four weeks prior to the fungus inoculation 
(Harris 8 Fer r i s . 1988). 
Agrawal et^  aj_. (1974) observed that the extract of ginger 
infected with root knot nematode, stimulated the growth and 
hyphal tJiickness of F. oxysporum f . sp . zingiberi Trujillo. An 
ul tra-structural change in the form of cell deterioration in giant 
cells was observed , when plants treated with culture fi l trate of 
F. oxysporum f.sp. zingiberi were inoculated with root knot 
nematode. (Fattah 6 Webster 1981, 1983). Roots infected with root 
knot nematode were heavily colonized with Fusarium s p . (Negron, 
et^al_.,1982). Wilting of plants in such cases was more prominent in 
plants inoculated with fungus four weeks later than nematode. 
On the other hand, Carter et^  £ 1 . , (1977) reported no effect of 
nematode I'M. incognita) in wilt resistance varieties of tomato; 
the reduction in growth of plants was significant only in 
susceptible cul t ivars . Abawi S Barker (1984) observed addit ive 
interaction between root knot nematode and Fusarium s p . when 
susceptible cultivar of tomato was used. Additive interaction has 
also been reported on okra with M. incognita and F. oxysporum 
f . sp . lycopersici (Sacc) present together {Khan Q Saxena, 1969); 
on tomato with £ . oxysporum f . sp . lycopersici and M. incognita 
(Hirano et^  a_l. ,1979); on pea with wilt fungus Fusarium equisetii 
Corda (Saccardo) and M. incognita (Chahal 6 Chhabra , 1985). 
Liburd and Mai, (1976) reported that F. oxysporum f . sp . 
lycopersici and M. incognita together resulted not only in earl ier 
appearance of wilt symptoms but also in increased Incidence of 
disease. In interaction involving F. oxysporum f . sp . ciceri 
(Padwick) Subram. and F. solani (Martius) App. Q Woll. with M. 
incognita on chickpea, the nematode not only increased the 
disease severity but also shortened the Incubation period in 
infection of plant with both the fungi. Of the two fungi, F . solani 
was more effective than F. oxysporum f . sp . ciceri in reducing 
nematode multiplication (Mani 6 Sethi^ 1987). Hillocks (1986) also 
reported an increase in disease severity in inoculation of tomatoes 
with root knot nematode and F. oxysporum f.sp lycopersici while 
using a split root technique. Khan S Hosseini (1991) observed 
a synergistic interaction between M. javanica (Treub) Chitwood, 
F. oxysporum f . sp . ciceri on certain cultivars of chickpea. 
Disease was more severe in simultaneous inoculation of plants with 
the two pathogens.LaMondia (1992) observed that plants of tobacco 
infected with nematodes (Globodera tabacum tabacum Lowns. S 
Lowns, Meloidogyne hap la) Chitwood and Fusariun developed more wi 11 due 
to Fusarium when inoculated with nematodes, 1-3 weeks prior to 
fungus than those inoculated simultaneously. The severity of wilt 
was however, more in those infected with G. tabacum tabacum 
than M. hap la. 
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Garber et^  aj_., (1979) while studying interaction between 
F. oxysporum f . s p . vasinfectum with different levels of inoculum 
and M. incognita on cotton reported that infection with nematode 
increased the probability of a fungal infection which was not 
severe in the absence of nematode. However, Martyn et^  a^. (1986) 
observed no such interaction of F. oxysporum f . sp . vasinfectum 
and M. incognita at any level of inoculum. 
£>ikora (1977) found greater damage to clover when 
Fusarium avenaceum Fries (Saccardo) and F. oxysporum were 
consistently present with Heterodera trifolii Gof fart. Miller (1975) also 
found reduction in growth of tomato by Fusarium in the presence 
of H. tabacum Lowns. S Lowns. Varaprasad 8 Kumar (1991) while 
working on disease complex involving H. cajani Koshy and F. 
solani reported a decrease in activity of nitrate reductase and 
glutamine synthetase in cowpea plants when both the organisms 
were present. 
Some species of Fusarium are responsible for causing 
root ro t s . Plant parasit ic nematodes interact with such species 
and enhance the Incidence of root ro t s . 
The incidence of Fusarium root-rot caused by Fusarium 
roseum Link ex Fries became more severe on corn, when 
associated with Tylenchus agricola de Man (Kiesel et^  al . ,1969). 
Similar results were obtained with root-rot caused by Fusarium 
moniliforme Sheldon on c o r n , with Pratylenchus brachyurus 
(Godfrey) Filipjev S Stokhoven, P. zeae Graham (Jordan e^ aj_. 
1987) and Hoplolaimus aegypti Shafiee 8 Koura (Koura 8 Satour, 
1987). 
Gill 6 Swarup (1977) reported negative co-relation in growth of 
plants when inoculated with Heterodera avenae together with F. 
monili forme or Helminthosporum gramineum Rabenh ex Schlecht. 
The nematode multiplication was significantly increased in the 
presence of both the fungi. Sikora (1977) also observed an 
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increase In root rot of Trifolium subterraneum caused by Fusarlum 
sp . in the presence of Heterodera t r i fol i l . A synergistic 
Interaction t)etween nematode and fungus has been observed when 
plants were inoculated with F. monili forme and M. incognita 
together (Palmer 8 McDoald 1974). Griffin (1992) pointed out that 
a high moisture level in top soil at the time of cutting alfalfa 
increased the incidence of plant mortality due to combined effect 
of Ditylenchus dipsaci (Kuhn) Filipjev and F. oxysporum f . sp . 
medicaginis (Weimer) Snyder 6 Hansen. Planting time also 
influenced the interaction of nematode and Fusarium oxysporum 
f . sp . vasinfectum on cotton. Earlier planting of cotton resulted 
in higher percentage of wilt and nematode infection (Jeffers 6 
Roberts,1993). 
2.2 VERTICILLIUM (Nees) 
VerticiIlium also causes wilt in plants and is involved 
in disease complexes with nematodes. Conroy et^  £]_. , (1972) 
reported that Pratylenchus penetrans (Cobb) Filipjev 8 Stekhoven 
consistently increased the severity of disease caused by V. albo-
atrum Reinke 6 Berthold on tomato roots. When tomato plants were 
inoculated with P. penetrans and the fungus together , there has 
been reduction in the incubation period of wilt (Burpee 8 Bloom 
1974). Cooseman (1979), however, noticed a syrergis t ic effect 
on flax (Linum usitatissimum), when both nematode and fungus 
were prej;ent together. Sudakova (1979) reported an increase in 
the incidence of wilt (due to VerticilUum spp . ) by 50 percent 
and 45 percent in the presence of Aphelenchus avenae Bastian 
and P. brachyurus respectively. Huan et_ al_. (1988) observed 
significant reduction in growth and yield of potato tuber, 
inoculated with P. penetrans, Vertici Ilium dahliae (Kleb) and 
Erwinia carotovora, sub sp . carotovora (Jones) Holland separately 
and in different combinations. All the three pathogens, when 
present together, caused greater damage to the plant. Vertici Ilium 
wilt development on tobacco was more in the presence of 
12 
Heterodeni tabacum (Miller, 1975) and on potato in the presence 
of Globodera pallida Stone 6 G. rostochiensis Wollenweber (Evans, 
1982). Both the wilt resistant and susceptible cultivars of tobacco 
and potato developed symptoms of wilt in the presence of 
nematodes, but on susceptible variet ies the severi ty of wilt was 
more in the presence of respective nematodes. This is another 
example where resistance to fungal disease is broken by 
nematodes. G. pallida was found more effective than G. 
rostochiensis. Jacobson et^  aJ. (1979) reported that at 24°C 
population of nematodes was higher in plants infected with fungus 
(V. albo-atrum) and the nematode together than those Infected 
with nematode alone but at 30°C there was no difference in 
population of nematodes in these two treatments. MacGuidwin 8 
Rouse (1990) observed no synergistic interaction between root-knot 
nematode (M. hap la Chitwood) and V. dah liae on potato but growth 
of plants was considerably reduced as a result of simultaneous 
inoculation of plants with these two organisms. 
Tlie reduction in the growth of cotton as a result of 
inoculation of plants with V. dah liae and Rotylenchulus reniformis 
was simple add i t ive . The rhizosphere microorganisms were found 
to play a role in increasing the degree of damage caused by both 
the organisms (Tchatchoua 8 Sikora, 1979). Similarly, an additive 
interaction between Vertici Ilium dah liae and Heterodera schachtii 
has been observed by Grontoff and Jonasson (1992) on plants of 
oil seed rape . Nbudizu (1977) observed that Meloidogyne hapla 
or Ty lenchorhy nchus claytonii Steiner a long with Vertici Ilium 
dah liae caused greater growth reduction in cherry seedling than 
with either of the pathogens alone. 
2.3 PYHnUM (Pringsheim) 
Pythium causes two types of symptoms i . e . root rot 
and seedling blight or damping off. Santo 8 Holtzman (1970) 
observed an addi t ive interaction between Pratylenchus zeae and 
13 
Pythlum ijraminlcola Subramanian on sugarcane, while, Garcia and 
Mitchell [1975) reported a synergistic interaction between Pythium 
myriotylurn Drechsler and/or Fusarium solani and Meloidogyne 
incognita on peanut. Similarly, a synergistic interaction between 
Pythium irregulare Buisman and Criconemoides quadricornis 
(Kirjanova) Raski has been observed by Hsu 8 Hendrix (1973) on 
pecan roots. Whitney (1974) reported a synergistic interaction 
t)etween Heterodera schactii Schm with Pythium ultimum Trow and 
an additive interaction with Pythium aphanidermatum (Edson) 
Fitzpatrick damping-off on sugarbeet. 
2.4 RHIZDCTONIA (de Condolle) 
This fungus is known to form disease complexes on 
different crops with various plant parasitic nematodes. 
Dunn S Hughes (1964) reported that there was more 
reduction in growth of tomato when, Globodera rostochiensis 
entered roots pr ior to R. solani Kuhn and Colletotrichum 
atramentarium (Berk S Br.) Taub, than, when the nematode preceded 
by the fungus or when the entrance of two pathogens was 
simultaneous. 
Golden S van Gundy (1972) stated that prior infection 
of plants by M. incognita changed the permeability of root cells 
by increijsing the electrolyte leakage " thus, making the plant 
susceptible to R. solani and Theilaviopsis basicola (Berk. 6 Br.) 
Fer ra r i s . Golden S Van Gundy (1975) observed that there was 
extensive invasion of R. solani in roots infected with M. 
incognita. Khan et^  aj.. (1971) reported an adverse effect on 
seedling emergence in the cauliflower in the presence of Ty lenchorhynchus 
brassicae Siddlqui and R. solani than in the presence of fungus 
alone. Similar results were obtained by Polychronopoulas (1970) 
on sugarbjjet infected with Heterodera schacht i i . 
Continuous removal of root leachates from tomato plants 
infected with M. incognita and R. solani reduced the severity 
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of disease (van Gundy et^  ajl_., 1977). On the other hand, Azam 
et a l . (1979) found that extract of roots of brlnjal Infected with 
root knot nematode stimulated the growth of Pythlum, 
Colletotrichum atramentaiium and R. solan!. 
Chhabra et^  £ l . (1979) pointed out that there was 
greatest damage in okra when inoculated with Meloidogyne incognita 
and R. solani simultaneously. Varshney (1982) observed in increase 
in severity of rot due t o . R. solani on cowpea in the presence 
of M. incognita. There was a direct relationship between Inoculum 
level and the disease severi ty index. Rotting was highest in 
plants iiKDCulated with nematode prior to fungus. A synergistic 
interaction between M. incognita and R. solani on tomato was 
reported by Chahal 5 Chhabra (1984a) and on potato by Scholte 
Q s'Jacob (1989). Similar trend was observed in relationship 
between Meloidogyne incognita 6 Macrophomina phase o Una (Tassi) 
Gold, on french bean (Al-Hazmi 1985) and Meloidogyne hapla 
and R. solani on radish (Khan S Muller, 1986). Mishra et^  aj.. 
(1988) reported an increase in severity of rotting of white jute 
caused by R. bataticola (Taub) Butler in the presence of M. 
incognita. 
Rhizoctonia is also capable of causing damping off of 
seedlings. Khan et^  £l_. (1971) reported an adverse effect on the 
emergence of seedlings in the presence Tylenchorhynchus brassicae 
Siddiqi . Zakiuddin (1984) observed a significant reduction in 
growth of eggplant when inoculated with R. solani in the presence 
of reniform nematode, Rotylenchulus reniformis. The growth of 
plant was indirectly proportional to inoculum potential of both 
the pathogens. Older seedlings proved to be somewhat tolerant 
to the disease complex. However, no significant difference in 
growth reduction was observed between sequential or simultaneous 
inoculation of plants with both the pathogens. 
Carter (1975) reported a synergistic effect as a result 
of inoculEition of plants with Meloidogyne incognita and R. solani. 
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Chahal Q Chhabra (1984b) also observed a synergistic interaction 
between M. incognita and R. solani on tomatoes. There was 
increase in root knot nematode multiplication in the presence of 
R. solani. Fusarium, however, pro\^d to be less damaging than 
R. solani (Nath et^  aj_., 1984). 
Sharma et^  al_. (1989) observed a reduction in germination 
of seeds of Lagenaria biceraria ( soaked in culture fi l trate of R. 
solani before sowing) in the presence of M. javanica and R. 
solani. The culture filtrate of the fungus also reduced the 
nematode multiplication rate . 
An increase in disease severi ty was reported in 
simultaneous and sequential inoculations with M. javanica and R. 
bataticola on bottle gourd. Reduction was maximum in plants inoculated 
with nematode prior to fungus (Walla et_ aj_., 1990). Similarly, 
Kamalwanshi et^  aj_. (1990) reported an increase in disease 
incidence due to fungus and root knot index in the presence of 
R. solani and M. incognita in fenugreek. The damping-off was 
highest in plants Inoculated with the two pathogens and Rhizoblum 
together. Inoculation of plants with nematode, however, adversely 
affected the nodulation. Khan et^  ^1^. (1992) found that R. solani 
is also reported to influence the penetration of M. incognita and 
R^ . renlTomris on cowpea plants. The penetration of nematodes was 
delayed by two or one day or R. reniformis and M. incognita 
respectively in concomitant inoculations with fungus. 
2.5 OTHER PATHOGENIC FUNGI 
Black shanck of tobacco, caused by Phytophthora 
parasitica Van Breda Haan v a r . , nicotianae Dastur, which Itself 
is responsible for severe damage, becomes much more severe in 
the presence of nematodes such as Meloidogyne incognita (Miller, 
1968), Pratylenchus spp . (Inagaki 6 Powell , 1969; Mclntyre 8 Miller 
1978) e tc . Seedling rot was more severe in susceptible soybean 
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cultivars v i z . , Corsoy and Dyes, when inoculated with Phytophthora 
megasperma var sojae (Hildebrand) and Heterodera g lycines 
Ichinohe simultaneously, than with either of them alone. There 
was, however, no such effect on resistant cul t ivars . Gray et^  £l_. 
(1990) pointed out that when alfalfa cultivars were Inoculated 
with P. megasperma f . sp . medicaginis Forster and Meloidogyne 
hap la, the disease severity was very high in cultivars 
susceptible to both the pathogens followed by cultivars 
susceptible to nematode and least in the cultivars resistant to 
both. Root nodulation was also adversely affected, but root knot 
nematode multiplication was reduced in the presence of the fungus 
in a l l the cu l t ivars . 
Cook (1969), while studying inter relationship of cereal 
cyst nematode (Heterodera a venae) and take-al l fungus (Ophiobolus 
graminis Saccardo) on barley, found that low level of nematode 
population appeared to be associated with high levels of fungus 
in the development of disease complexes. Nath et^  al^. (1976) 
observed significant reduction in germination of seeds of eggplants 
when sown in soil infested with M. incognita and Ozonium texanum 
Wester var . parasiticum simultaneously. 
Khan et^  a^. (1981) found significant reduction in growth 
of eggplant when inoculated with M. incognita and Phomopsis 
vexans i3acc. 8 Syd. than ei ther of the pathogens alone. 
Meloidogyne incognita and Uromyces phaseoli (Pers) Wint. have 
been found to reduce the fresh weight of beans to a greater extent 
when pr€!sent in the same plant as compared to infection with 
either of the pathogens alone (Bookbinder 6 Bloom 1977). Patel 
et^  a\^. (1986) reported a synergistic interaction between 
Meloidogyne arenaria Kofoid 8 White and Aspergillus flavus Link 
on peanut. Nematode multiplication increased in presence of the 
fungus. 
Booth 8 Stover (1974) reported an association of 
Cylindrocarpon musae Wollenw^^er with Radopholus simills (Cobb) 
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Thorne on bananas causing greater damage to crop than, with 
ei ther of the two pathogens alone. Hedrlck 6 Southards (1976) 
reported an increase In plant mortality when plants were 
Inoculated with Cylindrocladlum crotolarlae Morgan and M. 
Incognita together and when nematode inoculations preceded the 
fungus. Fortnum 6 Lewis (1978), while studying the disease 
complexes between the fungus (C. crotolarlae) and different 
nematodes, observed that not only the damage of plants was more 
in such inoculations but multiplication of the nematodes too was 
adversely affected on. 
Overstreet e^ a^. (1990) reported that inoculation of 
soybean plants with Heterodera glycines in the presence of crown 
rot fungus (Cy lindrocladium crotolarlae) increased the severi ty 
of rot . 
2.6 NON PATHOGENIC FUNGI 
The pathogenicity of a weak pathogen has been reported 
to increase in the presence of nematodes. Similarly, saprophytic 
fungi assume pathogenic habit under such conditions. 
Edmunds and Mai (1966) reported more entrance of 
Pratylenchus penetrans in alfalfa roots inoculated with Trichoderma 
vir idae Pers ex Fries and Fusarium oxysporum than in roots of 
uninoculated plants. Melendez 5 Powell (1969) pointed out that 
prior inoculation of tobacco plants with Meloidogyne incognita by 
four weeks highly predisposed the plants to Pythium ultimum and 
Trichoderma harzianum Rifai. Simultaneous and sequential 
inoculations were made with a l l the three pathogens in a l l 
possible combinations on two susceptible and one resistant 
cultivars of tobacco. There was no significant effect of these 
microorganisms on resitant cultivar while on susceptible cultivars 
seuential inoculation (nematode 6 wks prior to fungus) caused more 
damage than simultaneous inoculations. In another study, Powell 
18 
8 Batten (1967) observed that Rhizoctonla solanl Increased the 
severity of disease when present in combinations with M. 
incognita. though fungus alone is not an important pathogen 
especially after plants have crossed juvenile stages. In galled 
roots necrosis due to fungus was extensive, resulting in yellowing 
and stunting of above ground plant par t s . Powell e^ ail_. (1971) 
grew tobacco in soil infested with Pythium, Curvularia Boedijn 
Botrytis Micheli, Aspergillus Micheli (Corda), Penici Ilium Link, 
Trichoderma Persoon (Harz) and Meloidogyne incognita in different 
combinations. Inoculation of plants with nematode was done prior 
to fungus by several weeks. All the fungi increased root necrosis 
in the presence of root knot nematode while none of them incited 
the disease alone, thus providing evidence that root knot nanatodeacted 
as a pre-disposing agent. Cauquil S Shepherd (1970) also grew 
cotton in soil infested with Alternaria tenuis Nees, Fusarium 
oxysporum f. vasinfectum, Glomerella gossypii South (EdgJ and 
Rhizoctonia solani. All the fungi exhibited synergistic interaction 
in the presence of nematode, while R. solani and £ . gossypii 
caused severe disease at higher inoculum levels, A. tenuis and 
F. oxysporum f. vasinfectum alone caused slight or no disease. 
Chaetomium spp . Kunze 8 Schmidt, Cladosporium spp . Link, F. 
moniliforme and Xanthomonas malvacearum (E.F . Smith) Dowson 
caused l i t t le or no seedling damage either alone or in combination 
with nematode. Kirmani et^  al_. (1979) reported an increase in 
disease intensity when eggplant seedlings were inoculated in 
unamended soil with M. incognita and either Aspergillus versicolor 
Vuillemin Tiraboschi, or Penici Ilium corylophyllum Dierckx or 
Alternaria tenuis. Nath 8 Kanalvanshi (1989) observed that non pathogenic 
fungi like Rhizoctonia bataticola, Penici Ilium digltatum, Saccardo, 
Rhizopus nigricans, Ehrenberg, Curvularia trifolii (Kauffm) Boedijn 
and Aspergillus niger, van Tieghem which alone did not show 
any damage to tomato became serious pathogens when present 
together with Meloidogyne javanica. Highest damage was observed 
when inoculated with R. bataticola and P. digltatum together with 
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root knot nematode followed by R. nigricans, C. trifolii and A. 
niger with root knot nematode. 
2.7 ANTAGONISTIC - INTERACTION 
There are reports in the literature that one pathogen 
has adversely influenced the other in disease complex situation 
(Baker S Snyder,1965) Jorgenson (1970) reported that Fusarium 
oxysporum inhibited the invasion and development of Heterodera 
schachtil in sugarbeet seedlings, thereby decreasing considerably 
the multiplication of nematodes. Kirmani et^  aj.. (1979), while 
studying the effect of soil amendment with oil cakes on root knot 
development together with Aspergillus versicolor growing on 
decomposing oil-cakes, found that efficacy of oil-cake amendment 
could increase because of saprophytic fungi growing on them. Patel 
et a l . (1981), while working out the interaction between three 
species of nematodes together with Gaumannomyces graminis (Sac) 
Arx 8 Olivier var t r i t ic i Walker and R. solani, observed that 
losses due to fungal diseases were less in the presence of 
Aphelenchoides avenae Fischer. Lanjewar 6 Shukla (1985) reported 
an antagonistic interaction tjetween Pythium myriotylum Drechsler 
and M. incognita in rhizosphere of ginger. Sakhuja 6 Sethi (1986) 
pointed out that galling and multiplication of Meloidogyne javanica 
on groundnut was adversely affected by Rhizoctonia bataticola 
and Fusarium solani. The reduction was maximum in simultaneous 
inoculations of plants with one or both fungi together with 
nematode. R. bataticola was found to be more antagonistic to M. 
javanica than F. solani. Walia 6 Gupta (1986) also observed that 
Rhizoctorda solani adversely affected multiplication of Heterodera 
cajani Koshy on cowpea, when plants were inoculated with fungus 
one week prior to nematode. Prior inoculation of plants with 
nematode by two weeks reduced the growth of plants significantly. 
Windham et^  al.. (1988) reported that inoculations of plants with 
Trichoderma kontngii Oudemaris and T. harzianum with or without 
nematodes significantly increased plant height , dry weight of 
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shoot, fresh weight of roots of maize hybr ids . Roderiguez Kabana 
6 Jones (1988) pointed out that antagonistic fungi like 
Cylindrocarpon destructans Wester and Ulocladium atrum Preuss 
most commonly associated with Globodera pallida were more frequent 
in tropics than temperate. The growth of Mungbean plants 
inoculated with Meloidogyne javanica increased considerably when 
plants vifere inoculated with Rhizoctonia solani 8 R. bataticola. 
There was reduction in number of galls in the presence of fungi. 
However, R. bataticola was more effective than R. solani. Galper 
et a l . (1991) reported a decrease in root galling index on 
tomatoes inoculated with M. javanica with addition of e i ther 
collagen directly or collagenolytic fungus, Cunnighemella elegans 
Lenaner. Reduction in root galling was also observed, when 
plants were grown in soil treated with culture filtrate of the 
fungus grown on medium in which collagen as carbon source was 
added. 
There are large number of rhizosphere inhabitant fungi 
with which nematodes also interact. The l i terature of such 
parasit ic and predatory fungi has been reviewed by various 
workers (Barron 1977, Mankau 1980, Jatala 1985, Stirling 1991). 
Mycorrhiza also constitute rhizosphere mycoinhabitants. 
These have also been exploited as biocontrol agents (Shenck, 
1981, Hussey S Roncadori 1982, Smith 1987). 
Kerry et^  aj_. (1984) incorporated oat grain colonized 
by VerticilUum chlamydosporium Goddard to both autoclaved and 
nonsterile soi l . They found that some Isolates of the fungus 
reduced the number of females of Heterodera avenae on developing 
wheat roots and number of eggs per gram of so i l . De-Leiz 6 Kerry 
(1991), while assessing the potentiality of this fungus as 
biocontrol agent against root knot nematode s p p . on tomato, found 
that when chlamydospores of the fungus were used as inoculum, 
the fungus was able to establish without a food base. Among the 
three isolates the one which was rhizosphere competent. 
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significantly reduced the population of root knot nematode. 
Roderiguez-Kabana et a l . (1984), while studying the effect of 
different species of Gliocladium Corda, Paecilomyces Bainer, 
VerticiIlium on Meloidogyne arenaria, Kofoid 6 White, found that 
different species and biotypes within species vary in the i r 
effectiveness against root knot nematode. Unlike P. lilacinus 
(Thorn) Samson (two isolates were effective out of the t h ree ) , a l l 
isolates of G. roseum (Link) Thorn, and £ . catenulatum Oilman 8 
Abbot reduced the multiplication of M. arena r i a . in another study 
Wronkowska 6 Janowicz (1989) found that a l l the six strains of F. 
oxysporum isolated from H. avenae (H-1) and Globodera 
rostochiensis (five strains) adversely influenced the nematode. 
They also parasitized the eggs. 
The culture filtrates of certain fungi from rhizosphere 
have an irhibitoryeffect on nematode population^ 
Shukla a Swarup (1971) observed that culture fi l trate 
of a pathogenic s t ra in of Sclerotium rolfsi Saccardo inhibited 
larval hatching of M. incognita. High concentration of culture 
filtrate was lethal to larvae of root knot nematode. Both the 
culture filtrate and the mycelium of Aspergillus niger adversely 
affected the hatching and mortality of root knot nematode larvae 
(Desai et^a;U(1972).AzBinet^al (1979)aobserved that the culture filtrate 
of Pythium s p . , CoUetotrichum atramentarium, Rhizoctonia solani 
and R. bataticola adversely affected the hatching of larvae of 
M. javanica. Of these, the culture filtrate of R. bataticola was 
more effective in reducing hatching. A progressive increase in 
mortality of J-2 of M. javanica was observed with the increase 
in the concentration of culture filtrate of S^. rolfsi and R. solani 
{25-100%)einJ also with increase in exposure period (4-48 h ) . Culture 
filtrate of ^ . rolfsi was found more effective than that of R. 
solani in killing of larvae (Ali,1989). Chhabra (1979) also pointed 
out that the culture fil trate of Fusarium moniliforme had adverse 
effect on hatching of larvae of Meloidogyne incognita. Undiluted 
culture filtrate of the fungus was most effective in reducing the 
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hatching of larvae. The hatching of larvae increased with increase 
in the dilution of the culture f i l t ra te . Clancio et^al.(1988) observed 
that mycotoxins, T-2 toxin, Moniliforrain, Fusarenone and 
Neosolaniol, present in culture fi l trate of Fusarium spp . were 
highly inhibitory for the emergence of larvae, while Zearalenol 
was less effective in inhibiting the larval hatch, whereas 
Nivalenol, T-2 teraol , T-2 tr iol and Zearalenone were not effective 
at a l l . Mesharam S Goswami (1989), while studying the effect 
of extracts of certain dominant rhizosphere fungi on hatching of 
larvae of root knot nematodes, found that standard extract of 
Sepedonium sp . Link was most effective (5% hatch) in reducing 
larval hatch and that of F. solani was least effective (59.6% 
ha tch) . Highest mortality of larvae was observed in extracts of 
Cephaliophora irregularis Thaxt. (74% mortality) and least in 
extracts of Ophiostoma H 8 P Sydow. Culture filtrates of 
Aspergillus s p p . , A. niger, Heliminthosporium and Fusarium spp . 
isolated from body of Meloidogyne javanica were highly inhibitory 
to Rotylenchulus reniformis (Alcantra S Azevedo 1980). The culture 
filtrates of A. niger, A. candidus Link, A. fumigatus Fresenius 
of the eight species of Aspergillus tested were highly inhibitory 
for the hatching of larvae of M. incognita (Khan et^  aj. . , 1984). 
Of the culture filtrate of the several species of fungi, 
the culture filtrates of A. niger, Penicillium oxalicum Currie S 
Thom., Penicillium italicum Wehmer and Penicillium sp . (Link) 
exhibited highest nematicidal activity at 100-200 ppm 
concentration. The culture filtrate when incorporated into plants 
infested with nematodes, inhibited the development of M. incognita 
on tomato and R. simiUs on banana. Egg hatch was also reduced 
by 42 percent to 76 percent by the culture filtrate of P. oxalicum 
S P. italicum at 200 ppm concentrations (Molina fi Davide 
1986). Khan 8 Husain (1989) reported that culture filtrates of 
al l the 10 soil fungi tested adversely affected the hatching and 
induced mortality of reniform nematode (Rotylenchulus reniformis). 
Percentage mortality of reniform nematode was direct ly 
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proportional to the concentration of culture f i l trate and exposure 
period. However, hatching of nematode was stimulated at N/100 
concentration of the culture fil trate of Rhizopus nigricans. The 
culture fi l trate of Cunnighemella elegans grown on collagen as 
source of carbon and nitrogen, immobilized the juveniles (J ) of 
M. javanica and inhibited egg hatch (Galpere^ al_. 1991). The culture 
filtrate of Arthrobotrys oligospora Fres. inhibited hatching of M. 
incognita at a l l the concentrations, while that of Dactylaria 
brochopaga Drechs. at 80-100 percent concentration. 
Rhizosphere harbours a variety of microorganisms both 
pathogenic and saprophytic. The latter undergoing various kinds 
of relationships with other microorganisms. Plant parasi t ic 
nematode" is also one of the components of the rhizosphere. Some 
of the fungi have antagonistic effect' on plant pathogens and as 
such, these have been exploited for biological control (Stirling 
1991). The competence of these fungi would depend how fast and 
how much root they are able to colonize (Chao et^  a^., 1986). 
Fungi like Trichoderma harzianum, T. koningii, Gliocladium virens 
Corda and Penici Ilium funiculosum Thom had only a limited 
capacity to grow in the rhizosphere (Chao ei[ £1 . 1986). These 
rhizosphere fungal inhabitants might be involved in interaction 
with plant parasit ic nematodes. It is clear from the foregoing 
that very lit t le information is available on the effect of 
rhizosphere fungi on nematode and fungi involved in disease 
complex. 
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MATERIALS AND METHODS 
3.1 Raising nursery of test plants : 
The seeds of tomato (Lycopersicon esculentum Mill) cv 
'Pusa Rut)y' having surface steril ised with 1:1000 mercuric 
chloride and rinsed three times with distilled water were sown 
in steri l ised soil (containing farm yard manure : soil : sand, 
1:2:1) contained in steri l ised earthenware pots. The seedlings, when 
28 days old were used throughout the studies. 
3.2 Raising and maintaining pure culture of Meloidogyne incognita 
Each seedling of tomato raised in above, was inoculated 
with single eggmass culture obtained from root-knot nematode 
infected plants. Large number of such seedlings were inoculated 
with one eggmass per seedling separately. The galls developed 
on such roots were used for subsequent inoculation of seedlings. 
The culture of nematode thus obtained was used for inoculating 
test plants throughout the studies. 
3.3 Raising fungal inoculum and inoculation of plants with fungi 
The inoculum of fungi was raised in 250 ml Erlenmeyer 
flasks containing potato dextrose broth*. The flasks containing 
medium were s ter i l ised in an autoclave at 15 lbs psi for 15 
minutes. After cooling these were inoculated with the test fungi 
under steri le conditions. The flasks were incubated at 28°C. After 
* Boiled extract of 200 g potato in water 
Potassium nitrate - 10.0 g 
Potassium dihydrogen phosphate - 05.0 g 
Magnesium sulphate - 02.5 g 
Glucose - 20.0 g 
Distilled water - upto 1000 ml 
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15 days the mycelial mat was filtered through Whatman fi l ter 
paper no. 1 and washed with s ter i le disti l led water. It was later 
blended for 30 seconds in waring blender for obtaining homogenous 
suspension which was prepared in steri l ised dist i l led water in 
such a way so as to obtain 1 g of mycelium/10 ml suspension. 
The desii'ed amount of suspension was poured in the holes made 
around the plant and the holes were covered with soi l . 
3.4 Inoculation of plants with nematodes : 
Roots of 6-12 week old infected tomato roots were cut 
into 1-2 cm segments and shaken vigorously in 200 ml solution 
of 0.5% sodium hypochlorite (Barker, 1985) for 2 minutes. The 
solution was quickly transferred through 200 mesh sieve placed 
over 500 mesh sieve to collect the freed eggs. The 80 mesh sieve 
containing eggs was placed under tap water and rinsed to remove 
residual sodium hypochlorite. The remaining portion of roots were 
also rinsed to collect the rest of eggs (Barker, 1985). The eggs 
were transferred to 100 mesh sieves of 3 cm diameter placed in 
5 cm petridishes containing water and incubated at 25 °C. The 
larvae emerged out each day, were collected and used for 
inoculation. A suspension of larvae was made in s ter i le dist i l led 
water in such a way so as to contain 1000 larvae/ml. The 1ml sus-
pension was poured in the four holes around the roots zone with 
the help of pipet tes. The holes were covered with soi l . 
3.5 Isolsition of fungi from rhizosphere and rhlzoplane : 
Roots of tomato at the time of transplantation and 
harvest in the two growing seasons ^ i . e . February-March and 
August-September were removed carefully from the soil with 
minimum soil adhering to it and were brought to laboratory in 
s ter i l i sed, containers under aseptic conditions. Roots so collected 
were shaken carefully to remove the soi l , which was used for 
isolation of rtiizosphere fungi. A small amount of soil with the help 
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of flattened needle was transferred to steri l ised petr iplates (7.5 
cm). Later molten potato dextrose agar* (PDA) supplemented with 
a pinch of rose bengal was poured into pe t r ip la tes . The 
petriplates were rotated to have uniform distribution of soil and 
incubated at 28°C. Similar isolation techniques were employed 
to non-rhizosphere fungi except that soil was taken from non-
rhlzosphere. 
For studying rhizoplane mycoflora ' se r ia l root washing 
technique' of Harley and Waid (1955) was followed. Roots were 
cut into small pieces and were washed several times in s ter i l ised 
disti l led water. The root pieces were transferred into s ter i l i sed, 
cooled, melted potato dextrose agar medium. Petriplates were 
incubated at 28°C. In both rhizosphere and rhizoplane mycoflora 
studies there were ten petriplates in each repl ica te . 
The appearing fungi were isolated and identified. Pure 
cultures were made with hyphal t ip method or single spore 
isolation (Riker and Riker, 1936). The cultures of fungi were 
maintained in slants containing PDA and stored at 4°C. The 
frequency of fungi isolated was calculated as follows : 
Number of plates containing a particular fungus 
Total number of plates 
-X 100 
3.6 Recording of observations : 
After inoculation of plants with the test organisms the 
plants were kept in green house in a randomized fashion. There 
were ten replicates of each treatment with ten plants in each 
Potato dextrose agar (PDA) 
Potato extract from boiled 
Dextrose 
Agar 
250 g peeled potatoes 
020 g 
020 g per l i tre of water 
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repl icate . The studies were repeated three times. Required 
agronomic practices like Irrigation, hoeing, weeding e t c . were 
given as and when required. After 45 days of Inoculation the 
plants were uprooted and the root system was thoroughly washed 
with running water. Length of roots and shoots was measured. 
The plants were kept between blotting papers to remove excess 
of water before determining the fresh weight of roots and 
shoots. These were dried at 60°C. After cooling, the dry weight 
of plants was determined. 
Roots were examined for intensity of root-knot 
development, which was rated as follows : 
Category No. of galls 
1 0 gall {No eggmasses) 
2 01-10 galls/egg masses 
3 11-30 galls/eggmasses 
4 31-100 galls/eggmasses 
5 101 and above " 
3.7 Nematode population estimation : 
Nematode population was estimated both in roots and 
soi l . The soil from each pot was mixed thoroughly and sub-sample 
of 250 g soil was processed through a set of sieves of different 
meshes by following Cobb's sifting and gravity method followed 
by Baermann Funnel Technique (Southey 1970). 
The suspension was collected in a beaker and volume 
was made upto 100 ml. After s t i r r ing, 1 ml of the suspension was 
drawn by pipette and transferred to a counting d ish . The number 
of juvemle larvae was counted under stereoscopic microscope. 
Ten such countings were made, mean of a l l such countings was taken 
for final population of nematodes/kg soi l . 
28 
3.8 Studi€)8 on the effect of certain rtilzosphere fungi on 
germination of seeds of tomato cv 'Pusa Ruby' in the soil 
infested with Rhlzoctonia solani and Meloidogyne Incognita; 
The Inocaalum of fungi used was raised In the manner 
given in 3.3 and that of root-knot nematode as outlined in 3.4. 
Seeds of tomato cv 'Pusa Ruby' after having steri l ised with 1: 
1000 merairic chloride and rinsed three times with s ter i le water 
were sown in s ter i l ised soil contained in 15 cm pots. Later these 
were inoailated with root-knot nematode larvae (1000 larvae) and 
1 g, 2 g, 3 g and 5 g of R. solani separately. Soil was also 
inoculated, with, root-knot nematode (1000 larvae) together with 
different levels of inoculum of R. solani; with different levels 
of Aspergillus flavus, Epicoccum purpurascens, Fusarium 
oxysporum, Pen! ci Ilium vermiculatum, Rhizopus nigricans, 
Trichothecium roseum and Trichoderma vir idae separately and 
together with root-knot larvae (1000 larvae) in different 
combinations; with R. solani (5g) with different levels of inoculum 
of the seven rhizosphere fungi and R. solani (5g) together with 
root-knot nematode (1000 larvae) and with different levels of 
inoculum separately of the rhizosphere fungi. Observations were made 
after 5, 10, 15, 20 and 25 days. 
3.9 Effect of inoculation of soil with Epicoccum purpurascens. 
Penlid Ilium vermiculatum. Trichothecium roseum and 
Tridtioderma viridae separately, with root-knot nematode/or 
with R. solani or with root-knot nematode and R. solani 
on growth and phenolic contents of tomatoes and nematode 
population : 
Tomato Is a transplanted crop. Seedlings were raised 
elsewhere and transferred to another s i te . Therefore, this study was 
undertaken. The seedlings from soil infested with 1000 juveniles 
of root-knot nematode and 5g each of R. solani, E. purpurascens, 
P. vermiculatum, T. roseum and T. v i r idae separately and 
together with nematode in the preceding s tudies , were transplanted 
in steri l ised soil to determine the effect of already infested 
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seedlings on growth when transplanted in another place. 
Observations with regard to plant growth, nematode population 
and phenolic contents were made after 45 days of transplantation. 
There is always a probability of contracting infection 
at the transplantation s i te , therefore in another set the seedlings 
obtained from studies 3.8 were transplanted in soil infested with 
the same organism(s) as in 3 .8 . Observations were made after 
45 days of transplantation. 
3.10 Effect of culture filtrates of different fungi on hatching 
and mortality of larvae of root-knot nematode : 
The fungi were grown in basal medium i . e . Richard 's 
solution (Riker a Riker, 1936). 
After 15 days of growth at 25°C the culture was passed 
through Whatman filter paper-42 in steri l ised flasks. The culture 
fi l trate so obtained was a rb i t ra r i ly termed as standard (S) or 
100 percent. This was diluted to S/10 (10%), S/100 (1%) by 
adding required amount of steri l ised disti l led water. 
The culture filtrate (10 ml) of different dilutions of 
each fungi was poured in petriplates (5 cm) separately. In each 
petr iplate ten freshly collected eggmasses of M. incognita were 
added. 
The plates were incubated at 28±1°C. There were 10 
replicates for each treatment. Each treatment was repeated three 
times. After 2, 3, 5 and 7 days the number of larvae hatched 
out was determined. 
For studying the effect of culture filtrate on mortality 
of larvae, hundred freshly hatched out larvae were transferred 
to 10 ml of different dilution of culture f i l trate of various fungi 
separately. The petriplates were incubated at 28°C. The number 
of immobilised larvae was counted after 2, 3, 5 and 7 days. 
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These iminobillsed larvae were transferred to dist i l led water in 
order to ascertain whether they were dead. In case they did 
not regain mobility these were considered dead. There were ten 
petriplates in each treatment and each treatment was repeated 
five times. Hatching and mortality in dis t i l led water served as 
check. 
3.11 Effec:t of different carbon and nitrogen sources on growth 
of fiingl : 
Epicoccum purpurascens, Penici Ilium 
vermiculatLim, Trichothecium roseum and Tricho derma viridae 
were grown on Richard 's solution containing different nitrogen 
sources separately {potassium nitrate, ammonium nitrate, ammonium 
sulphate, asparagine, glycine, lysine, methionine and urea ) . The 
amount of nitrogen in different forms was kept equivalent to 
nitrogen present in 10 g of KNO„. 
Similarly, the fungi were grown in media containing 
different carbon sources separately (sucrose, arabinose, fructose, 
glucose, rhamnose, r ibose, xylose and starch) keeping the amount 
of carbon equivalent to 50 g of sucrose. 
The 250 ml Erlenmeyer flasks containing media were 
inoculated with fungi and inocubated at 28±1°C. After 15 days, 
the contents of flasks were fi l tered. The mycelial mat was dried 
at60°C and weighed. 
The culture filtrate of the fungi were used for 
determining i ts effect on hatching and mortality of larvae of root-
knot nematode (3 .10) . The amount of phenol and ortho-dihydroxy 
phenols in the culture filtrate were determined by method outlined 
in 3.13. 
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3.12 Effect of different carbon and nitrogen sources on growth 
of R. solani and its pathogenicity, on tonato cv *Pusa 
Ruby' in the presence of nematode : 
The fungi R. solani was grown in the media containing 
dlffeiiHit C Q N sources separately as given in 3 .11. Seedlings of 
tomato cv 'Pusa Ruby' inoculated with the fungus grown, 
separately and together with root-knot nematode. Inoculations of 
plant with fungi and nematode were done as mentioned in 3.3 and 
3.4. Observations with respect of growth of plants, gall index, 
number ol galls and larvae were made. There were ten replicates 
in each treatment and studies were repeated th r ice . 
The phenols and ortho-dihydroxy phenols content were 
determined on the lines outlined in 3.13. 
3.12a. The effect of culture filtrate of R. solani grown In media 
containing different carbon and nitrogen sources on 
hatching and m o r t a l i t y of larvae of M. Incognita: 
The culture filtrates of R. solani so obtained were 
tested for their effect on hatching and mortality of larvae of 
M. Incognita as per 3.10. 
3.13 Estimation of total phenols and orthodihydroxy phenols 
in plants 
3.13.1 F'reparation of powder of the Dried Material : 
Dried shoots and roots of plants were powdered 
separately in electric grinder and sieved through 60 mesh pore 
sieve s ize. Sieved powder was kept in plast ic vials and stored 
in refrigerator for phenol estimation. 
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3.13.2 ESstlmatlon of Phenols : 
Phenols were extracted by method of Blehn et^  £!_. (1968) 
and estimated by using Folin Ciocalteau reagent (Bray Q Thorpe, 
1954). Folln Ciocalteau reagent was prepared by dissolving 100 
g of sodium tungstate and 25 g of sodium molybdate in 700 ml 
double disti l led water. To the above solution 50 ml of 85% 
phosphoric acid and 100 ml of concentrated hydrochloric acid 
were added. It was refluxed for 10 h r s . Later 150 g of lithium 
sulphate, 50 ml of double distil led water and few drops of liquid 
bromine were added. The mixture then was boiled over a free 
flame for about 15 minutes to remove excess of bromine. After 
cooling, water was added to make the volume as 1000 ml. It was 
filtered and the normality adjusted to 1 N before use. 
For estimating total phenols a standard curve was 
plotted using paracresol . 
Ten mg of paracresol was dissolved in 100 ml of 80 
percent ethanol. One ml oof this solution was diluted with the 
help of 80 percent ethanol to make it upto 10 ml. From this 
solution 0 . 1 , 0.2, 0 .3 , 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 ml 
solution was transferred to test tube and volume was made upto 
1 ml by adding required amount of 80% ethanol. Two drops of 
concentrated HCl were added and solution was heated over a free 
flame, avoiding over heating. Thereafter 1 ml of 1 N Folin-
Ciocalteau reagent and 20 ml of 4% sodium carbonate were added 
and was left for 20 minutes. Optical density was measured by 
using Bausch 6 Lomb spectronic 20 colorimeter at 660 nm against 
a reagent blank. A graph between different concentrations of 
paracresol and O.D. was plotted which was a straight line and 
served as a standard curve. 
For estimating total phenols 100 mg dried powdered 
material was boiled with 5 ml of 80% ethanol for 15 minutes on 
water bath. It was allowed to cool. The solution was then 
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centrifuged for 5 minutes at 3000 rpm. The alcoholic extract was 
taken out and made upto 10 ml by adding 80% ethanol. To 1 ml 
of this solution 1 ml Folin-Ciocalteau reagent, 2 drops of 
concentrated hydrochloric acid and 20 ml of 4% sodium carbonate 
were added. Optical density was measured, concentration of total 
phenols was calculated from the standard curve by reading the 
value of O.D. 
3.13.3 Estimation of Orthodlhydroxy Phenols : 
Estmatlon of o-dihydroxy phenols was made following 
the method of Johnson 8 Schaal (1952) using Arnow's reagent. 
The following 3 stock solutions were prepared : 
1) 0.5 N hydrochloride acid 
2) Nitrite Molybdate reagent : 10 g of sodium molybdate 
was dissolved in 100 ml of dis t i l led water. In this 
solution 10 g of sodium nitrite was dissolved. 
3) I N sodium hydroxide. 
For obtaining standard curve 10 mg of catechol was 
dissolved in 100 ml of 80% alcohol. One ml of this solution was 
again 'diluted to 10 ml by adding alcohol. Different allquotes (0 .1 , 
0.2, 0 .3 , 0.4, 0 .5 , 0.6, 0.7, 0.8, 0.9 and 1.0 ml) from this 
solution were taken and final volume In each case was adjusted 
to 1 ml by adding alcohol. To each of the 1 ml of above 
solution, 1 ml of 0.5 N HCl and 1 ml of ni t r i te molybdate reagent 
were added. As a result of this yellow colour developed. To 
this yellow colour 1 ml of 1 N NaOH solution was added. Now 
the final volume was adjusted to 5 ml by adding dist i l led water. 
The yellow colour was changed to red . This red colour was read 
In Bausch and Lomb spectronic-20-colorimeter at 530 nm against a 
reagent blank and the optical density was noted. A graph was 
plotted, which was obtained as a straight line. 
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For estimating o-dihydroxy phenols from plant material, 
100 mg each of powdered material was treated for 10 h r s . with 
5 ml of petroleum-ether to remove fatty acids and latter 
centrlfuged at 3000 rpm to remove petroleum ether . The residues 
thus obtained was extracted with 80% boiling ethanol by heating 
over a water bath for 15 minutes. This was again centrlfuged 
at 3000 r . p . m . and the filtrate thus collected, was treated with 
charcoal to remove chlorophyll in case of shoots. The final 
volume of alcoholic filtrate was adjusted to 10 ml by adding 
required amount of 80% ethanol. 
One ml of each sample was taken to 5 ml calibrated 
test tubes to which reagents (1 ml of 0.5 N HCl +lml molybdate 
nitr i te + 1 ml of 1 N NaOH + water to make final volume 5 ml) 
were added and the optical density was noted in the manner 
described. Total o-dihydroxy phenols were calculated from 
standard curve. 
For estimation of phenols and o-dihydroxy phenols in 
culture f i l t ra tes , one ml of filtrate was added. 
3.14 The data were subjected to statistical analysis by 
calculating CD and regression equation etc. 
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RESULTS 
^•1 Rhizosphere and rhizoplane niycoflora of tomato cv 'Pusa Ruby' 
at planting and harvesting time during two growing seasons 
Tomatoes are planted two or three times a year, mostly 
during February-March and again in August-September, soon after 
rains. Therefore, in the present studies rhizosphere and 
rhizoplane mycoflora have been studied at the time of plantation 
and harvest of crop in two growing seasons. 
Results shown in Table-4.1 indicate that in a l l ^ th i r ty 
three species of fungi belonging to nineteen genera were isolated 
from rhizosphere, rhizoplane and non-rhizosphere soil in both 
the growing seasons of the crop. 
The namber of fungi, isolated from both the rhizosphere 
and rhizoplane, was more in March than June; and in September 
than December. Thus, it appears that there was a reduction in 
number of fungi with senescence of the plant. The number of fungi 
was also more in second growing season (Sept.-Dec.) than in the 
first (Mar.-June). 
Members of Deuteromycetes dominated both in rhizosphere 
and rhizoplane throughout the studies in the two growing seasons 
of tomato. 
During March in first growing season the number of 
members of Deuteromycetes isolated was thirteen out of fifteen 
in rhizosphere, while in rhizoplane al l the nine fungi isolated, 
belonged to this group. During the month of June the number of 
members of deuteromycetous fungi isolated from rhizosphere was 
nine out of ten, while the number from rhizoplane was six out 
of seven. Similarly, in another growing period i . e . during 
September, sixteen out of nineteen fungi from rhizosphere belonged 
to Deuteromycetes while fourteen out of seventeen from rhizoplane 
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belonged to this class. During the month of December fourteen 
out of fifteen and ten out twelve fungi from rhizosphere and 
rhizoplane respectively were deuteromycetous fungi. Thus 
rhizosphere harboured more num6er of fungi than rhizoplane in 
both the growing seasons (Table 4.2). 
During March and December largest number of fungi 
Isolated from both rhizosphere and rhizoplane fell in frequency 
range of 21-40 percent, while in September largest number of fungi 
were in the category of 0-20 percent and in June in 41-60 percent 
(Table 4.3). 
The rhizoplane and rhizosphere mycoflora differ both 
qualitatively and quantitatively in both the growing seasons and 
with plantation and senescence period. Aspergillus rugulosus (Thom 
fi Raper) Baineer S Sartory, Botrytis terristris Jensen, and 
Hum i CO la grisea Traeen were isolated from the rhizoplane only 
during March, while Fusarium chlamydosporum Wollenweber 8 
Reinking was isolated from rhizosphere only during March, A. 
caespitosus Raper 8 Thom and A. terreus flococcus Shih from 
rhizoplane during June only and Cephalosporium Corda only from 
the rhizosphere during June. However, some of these fungi were 
also present in non-rhizosphere during these months. Similarly, 
A. terrus Thom, PenlciIlium vermiculatum , though present in 
rhizosphere , were recovered from the rhizoplane only during 
September. Curvularia lunata (Walker) Boedijn was isolated both 
from rhizosphere and rhizoplane during September and Nigrospora 
sp. Zimmerman from the rhizosphere during September, while 
Trlchothecium roseum was reported from the rhizosphere during 
both the growing seasons. 
Fusarium oxysporum Schl. was, however, recovered both 
from the liiizosphere and rhizoplane throughout the studies. 
Rhizoctonia solani Kuhn and He Im inth os porium sp. Link 
were Isoleited from the rhizosphere in March and September when 
seedlings were young. 
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Frequency of R. solan! was high in the rhizosphere 
during September as compared to March. This could be the reason 
for higher damage due to this fungus soon after raining season. 
Firequency of occurrence of most of the saprophytic fungi 
was higher in June and December indicating an increase in their 
percentage during senescence period of the crop. 
Fungi known for antagonistic properties such as species 
of Rhizopus, Aspergillus, PeniciIlium, Trichoderma, Trichothecium 
and EpicDCcum have been isolated from rhizosphere/rhizoplane 
of tomato with varied range of frequencies. 
4.2 Influenoe of certain rhizosphere fungi together with 
Rhizoctonia solan! and root-knot nematode, Meloldogyne 
incognita on germinaticn of seeds of tomato cv 'Pusa Ruby*. 
Some of the fungi, isolated in previous studies, have 
been reported to adversely affect certain fungal pathogens e.g. 
Epicoccum purpura scens attacked conidla and mycelium of 
HeIminthosporium sativum Oilman 8 Abbott and hyphae of Phoma 
hum i CO la Oilman 8 Abbott (Campbell , 1956); Trichothecium roseum 
allowed the formation of ch lam ydos pores only in Dibotryon 
morbosieni Schm. i . e . did not allow proliferation of the fungus; 
(Koch 1934); species of Penici Ilium colonized the sclerotia of 
Sclerotinia sclerotiorum (Lib.) de Bary (Ferguson, 1953); both 
Trichoderma vir idae and Aspergillus sp . induced phytoalexin 
production in plants against pathogens (Cruickshank, 1965) and 
T. vir idae parasitized many fungal pathogens like Rhizoctonia 
solan! (Weindling, 1934) and inhibited growth of Didymella exitiala 
(Moll.) Muller (Siegle,1961). 
Mountain (1965) pointed out that rhizosphere micro-
organisms can influence the pathogenicity of soil microorganisms. 
The effect of rhizosphere fungi on development of root-knot 
nematode disease has little been investigated. This is also true 
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with distjase complexes Involving root-knot nematode and R. 
solani• Therefore, in the preliminary studies, Aspergillus flavus, 
Fusarium oxysporum, PeniciIlium vermiculatum, Rhizopus nigricans, 
Epicoccum purpurascens, Trichoderma viridae and Trichothecium 
roseum were selected to study the effect of these rhizosphere 
fungi,' on root-knot nematode and R. solani separately^ and these 
fungi together with R. solani and/or root-knot nematode on 
germination of seeds of tomato. 
4 . 2 . 1 . Ai;perglllus flavus 
Results presented in table 4.4 indicate that Inoculation 
of soil with Aspergillus flavus, Rhizoctonia solani and Meloidogyne 
incognita separately affected the germination of seeds adversely 
to a varying degree. The emergence of seeds of tomato after 25 
days was 58.3 percent in soil infested with (1000 larvae/kg soil) 
M. incognita as against 75.0 percent in uninoculated so i l . When 
seeds were sown in soil infested with different inoculum levels 
(1,2,3,5 g/kg soil) of the two fungi separately, the germination 
of seeds declined with increase in inoculum levels . At low 
inoculum levels (1 6 2 g) of the two fungi inoculated separately, 
there was no difference in germination of seeds when the two 
fungi were compared at corresponding inoculum levels . But at 
higher inoculum levels (3g S 5g), R. solani more adversely 
affected the germination of seeds than A. flavus. 
When seeds were sown in soil infested with 1000 larvae 
of M. incognita and different inoculum levels of R. solani, the 
— « ^ — 
germination of seeds was less t h a n ' either of the two pathogens 
separately, thus -indicating more damage to seedlings due to R. 
solani in the presence of nematode. The germination of seeds in 
the presejnce of nematode and R. solani declined with increase 
in Inoculum levels of R. solani. 
On the other hand, when seeds were sown in soil 
Infested with nematode together with different inoculum levels 
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of A. flavus, there was Improvement in the germination of seeds 
over those sown in soil infested with two organisms separately; 
more particularly at low levels of inoculum of A. flavus. The 
germination of seeds was 71.7 percent after 25 days in soil 
infested v/ith nematode together with Ig of A. flavus. However, 
it was less than in uninfested soi l . The differences in the 
germination of seeds at this level of inoculum of the fungus and 
nematodes were not significant s ta t i s t ica l ly . The germination 
declined with increase in the levels of inoculum of A. flavus in 
combination with nematode tait it did indicate improvement at a l l 
levels of inoculum when compared with corresponding levels of 
inoculum of A. flavus alone. 
When seeds were sown in the soil infested with al l the 
three organisms together, the germination of seeds was comparable 
to the germination of seeds observed in soil infested with R. 
solani and nematode together. But when the germination of seeds 
in soil infested with 5g R. solani alone was compared with that 
in soil infested with R^ . solani (5g) and A. flavus (Ig) together 
there was/ improvement in germination of seeds in the latter 
(Table 4.4 6 4.5, Fig. I a 5 b - 3 a 6 b ) . 
4.2.2 EpicocGum purpurasoens 
There was reduced germination of seeds in soil infested 
with E. purpurascens alone at al l the levels of inoculum except 
at Ig/kg soil inoculum, where there was no effect when compared 
with check. However, when seeds were sown in soil infested with 
R. solani (5g) and E. purpurascens (different levels of inoculum) 
together, there was no reduction in germination of seeds as 
compared to check. When soil was infested with different inoculum 
levels of E. purpurascens together with nematode, the seed 
germination, by and large, was less than in soil infested with 
either of the two pathogens alone at a l l the inoculum levels of 
E. purpurascens. With Increase in levels of inoculum of E. 
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Table - 4.4 : Effect of 
germination 
different inoculum levels 
of seeds of 1 
with Meloidogyne incognite 
together. 
Treatment/Inocul 
levels 
urn 
(g) 
Unlnoculated (Check) 
Inoculated with 
Nematode (1000) 
J , 
2 
R. solanl 
A. flavus 
Nematode (1000) 
* h 
R. solanl 
' 
Nematode (1000) 
2 
A. flavus 
R. solani (5g) 
+ 
A. flavus 
Nematode (1000) 
+ Jo 2 
R. solani (5g) 
+ 
A. flavus 
C D . at 5% 
Dose 
Treatment 
Interaction 
1 
2 
3 
5 
1 
2 
3 
5 
1 
2 
3 
5 
1 
2 
3 
5 
1 
2 
3 
5 
1 
2 
3 
5 
f ' 
Emergence 
5 
45.0 
36.7 
45.0 
41.7 
38.3 
35.0 
45.0 
43.3 
41.7 
40.0 
45.0 
40.7 
36.7 
30.0 
43.3 
41.7 
38.3 
31.7 
40.0 
38.3 
38.3 
35.0 
41.7 
38.3 
36.7 
33.3 
05.8550 
02.0216 
02.8589 
05.7179 
tomato cv ' 
of Aspergillus flavus on 
Pusa Ruby ' in soil infested 
J and Rhlzoctonia solani separately and 
of seedling! 
10 
53.7 
46.7 
53.3 
50.0 
43.3 
36.7 
51.7 
48.3 
46.7 
43.3 
51.7 
50.0 
43.7 
33.3 
56.7 
53.3 
50.0 
46.7 
50.0 
41.7 
43.3 
40.0 
48.3 
43.3 
43.3 
41.7 
05.3770 
01.7445 
02.4671 
05.3492 
3 (percent) 
15 
58.3 
51.7 
56.7 
53.3 
45.0 
41.7 
56.7 
53.3 
51.7 
48.3 
53.3 
50.0 
45.3 
38.3 
61.7 
60.0 
56.7 
48.3 
51.7 
43.3 
46.7 
46.7 
53.3 
50.0 
48.3 
46.7 
04.2970 
01.4929 
02.1112 
04.9341 
after (day 
2(J • 
65.0 
53.3 
58.3 
55.0 
48.3 
46.7 
58.3 
53.3 
53.3 
48.3 
55.0 
52.3 
46.3 
41.7 
66.7 
63.3 
60.0 
53.3 
56.7 
51.7 
48.3 
46.7 
55.0 
53.3 
50.0 
48.3 
04.4380 
01.5164 
02.1445 
04.2225 
s) 
25 
75.0 
58.3 
61.7 
56.7 
50.0 
46.7 
61.7 -
56.7 
55.0 
51.7 
56.7 
53.3 
47.0 
42.3 
71.7 
66.7 
63.3 
58.3 
60.0 
56.7 
50.0 
48.3 
56.7 
55.0 
51.7 
48.3 
04.5270 
01.5749 
02.2272 
04.4545 
Each reading is mean of ten replicates of each treatment with ten pots in each 
replicate. 
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Table 4.5 : Percent changes In germination of seeds of tomato cv 'Pusa Ruby' as a 
result of infestation of soil with Aspergillus flavus and Meloidogyne 
incognita with Rhizoctonia solani separately and together. 
Treatment/Inoculum 
level (g) 
Decrease(-)/lncrease( + ) in seed germination after (days) 
10 15 20 25 
Inoculated with 
Nematode (1000 
R. solani 
A. f lavus 
Nematode (1000) 
^^ 2 
R. solani 
Nematode (1000) 
2 
A. f lavus 
R. solani (5g) 
+ 
A. f lavus 
Nematode (1000) 
+ Jr, 
2 
R. solani (5g) 
+ 
A. flavus 
^ 2 ' 
1 
2 
3 
5 
1 
2 
3 
5 
1 
2 
3 
5 
1 
2 
3 
5 
1 
2 
3 
5 
1 
2 
3 
5 
-18.44 
±00.00 
-07.33 
-14.89 
-22.22 
±00.00 
-03 .78 
-07 .33 
-11 .11 
±00.00 
-09.56 
-18.44 
-33 .33 
-03 .78 
-07.33 
-14.89 
-29.56 
-11 .11 
-14.89 
-14.89 
-22.22 
-07 .33 
-14.89 
-18.44 
-26.00 
-13.03 
-00.75 
-06.89 
-19.37 
-31.66 
-03.72 
-10.06 
-13.04 
-19.37 
-03.72 
-06.89 
-18.62 
-37.99 
+05.59 
-00.75 
-06.89 
-13 .04 
- 0 6 . 8 9 
-22.35 
-19.37 
-25 .51 
-10.06 
-19 .37 
-19.37 
-22.35 
-11.32 
-02.74 
-08 .58 
-22 .81 
-28 .47 
-02.74 
-08 .58 
-11.32 
-17 .15 
-08 .58 
-14 .24 
-22 .30 
-34 .31 
+ 05.83 
+02.92 
-02 .74 
-17.15 
-11 .32 
-25 .73 
-19 .90 
-19.90 
-08 .58 
-14.24 
-17 .15 
-19 .90 
-18 .00 
-10 .31 
-15 .38 
-25 .69 
-28 .15 
-10 .31 
-18 .00 
-18 .00 
-25 .69 
-15 .38 
-19 .54 
-28 .77 
-35 .85 
+02.62 
-02 .62 
-07 .69 
-18 .00 
-12 .77 
-20 .46 
-25 .69 
-28 .15 
-15 .38 
-18 .00 
-23 .08 
-25 .69 
-22 .27 
-17 .73 
-24 .40 
-33 .33 
-37 .73 
-17 .73 
-24.40 
-26.67 
-31 .07 
-24 .40 
-28 .93 
-37 .33 
-43 .60 
-04 .40 
-11 .07 
-15 .60 
-22 .27 
-20.00 
-24.40 
-33 .33 
-35 .60 
-24.40 
-26 .66 
-31 .10 
-35 .60 
•^ach reading is mean of ten replicates of each treatment with ten pots in each 
replicate. 
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purpurascens in nematode Infested soil, the germination of seeds 
declined. 
In soil infested with all the three organisms together 
the germination of seeds was adversely affected in comparison to 
check. 
This indicates that presence of E. purpurascens together 
with R. solani improves the germination of seeds but In the 
presence of nematode or nematode together with R. solani no such 
effect is observed (Table 4.6 a 4.7, Fig. 4 a a b - 6 a a b ) . 
4.2.3 Fusarium oxysporum 
There was decline in the germination of seeds of tomato 
cv. 'Pusa Ruby' when sown in the soil Infested with different 
levels of inoculum of F. oxysporum. When the soil was infested 
with F. oxysporum and nematode together, the germination further 
declined. The reduction in seed germination in this case was more 
than in soil infested with nematode or £ . oxysporum alone. 
Although, in soil infested with different levels of F. oxysporum 
and 5g of R. solani, the germination of seeds declined with 
increase in level of inoculum of F. oxysporum, the germination 
of seeds in soil infested with R. solani (5g) and F. oxysporum 
(Ig) was more than that in soil infested with 5g R. solani alone. 
When all the three organisms were present together in 
the soil (nematode, R^ . solani and F. oxysporum), the cumulative 
germination of seeds after 25 days with Ig F. oxysporum was 
almost the same as in soil with nematode alone. With increase 
in the level of inoculum of F. oxysporum in inoculation with 
R. solani and nematode, the germination of seeds declined (Tables 
4.8 and 4.9, Fig. 7 a a b - 9 a a b ) . 
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Table 4.6 : Effect of 
germination 
Me loidogyne 
T rea t m ent/1 no cu lum 
levels (g) 
Uninoculated (check.) 
Inoculated with 
Nematode (1000] 
Jo 2 
R. solani 
E. purpurascens 
Nematode (1000) 
Jo 
+ 2 
R. solani 
Nematode (1000) 
Jo 
+ 2 
E. purpurascens 
R. solani (5g) 
+ 
E. purpurascens 
Nematode (1000) 
Jo 
+ 2 
R. solani (5g) 
+ 
E. purpurascens 
C D . at 5% 
Dose 
Treatment 
Interaction 
1 
1 
2 
3 
5 
1 
2 
3 
5 
1 
2 
3 
5 
1 
2 
3 
5 
1 
2 
3 
5 
1 
2 
3 
5 
different inoculum levels 
of seeds of 
incognita and 
of Epicoccum purpurascens on 
tomato cv 'Pusa Ruby' 
Rhizoctonia sc 
Emergence of seedlings 
5 
41.7 
18.3 
20.0 
18.3 
15.0 
11.7 
31.7 
28.3 
25.0 
18.3 
18.3 
16.7 
13.3 
11.7 
33.3 
33.3 
28.3 
21.7 
33.3 
38.0 
45.0 
49.7 
36.7 
35.0 
33.3 
31.7 
04.3630 
01.6520 
02.3363 
04.6727 
10 
50.0 
30.0 
25.0 
26.7 
21.7 
18.3 
35.0 
33.3 
31.7 
30.0 
25.0 
20.0 
18.3 
15.0 
41.7 
36.7 
33.3 
28.7 
41.7 
46.3 
53.3 
56.7 
41.7 
40.0 
36.7 
33.3 
04.3220 
01.6876 
02.3866 
04.7733 
in soil 
ilani separately and 
3 (percent) 
15 
53.3 
36.7 
36.7 
31.7 
28.3 
25.0-
41.7 
40.0 
38.3 
35.0 
35.0 
30.0 
30.0 
21.7 
45.0 
41.7 
38.3 
33.7 
45.0 
51.7 
57.3 
58.7 
46.7 
43.3 
41.7 
36.7 
05.3960 
01.5076 
02.1312 
04.2625 
infected with 
together. 
after( days) 
20 
55.0 
50.0 
43.3 
36.7 
36.7 
30.0 
45.0 
43.3 
41.7 
38.3 
41.7 
38.3 
36.7 
26.7 
48.3 
43.3 
40.0 
35.3 
48.3 
56.3 
59.3 
60.3 
48.3 
46.7 
45.0 
41.7 
04.4950 
01.5229 
02.1537 
04.3074 
25 
58.3 
53.3 
48.3 
43.3 
40.0 
33.3 
58.7 
46.7 
43.3 
41.7 
46.7 
41.7 
38.3 
31.7 
51.7 
48.3 
43.3 
36.7 
56.7 
58.3 
61.0 
62.3 
51.7 
50.0 
48.3 
46.0 
04.3430 
01.5154 
02.1432 
04.2863 
Each reading is mean of ten replicates df a treatment with ten pots In each 
replicate. 
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Table 4.7 : Percent changes In germination of seeds of tomato cv 'Pusa Ruby' as a 
result of infestation of soil with Epicoccum purpurascens and 
Meloidogyne incognita with Rhizoctonia solani separately and together. 
Treatment/Inoculum 
leve l 
Inoculated with 
Nematode (1000) 
Jo 
2 
R. so lani 
E . purpurascens 
Nematode (1000) 
+ Jo 
2 
R. solani 
Nematode (1000) 
+ Jo 
2 
E. purpurascens 
R. solani (5g) 
+ 
E. purpurascens 
Nematode (1000) 
+ Jo 
2 
R. solani (5g) 
+ 
E. purpurascens 
(8) 
• 
1 
2 
3 
5 
1 
2 
3 
5 
1 
2 
3 
5 
1 
2 
3 
5 
1 
2 
3 
5 
1 
2 
3 
5 
Decrease ( - ) / I i 
5 
-56 .12 
-52 .04 
-56.12 
-64 .03 
-71.94 
-23 .98 
-32 .13 
-40.05 
-56 .12 
-56.12 
-59.95 
-68 .11 
-71 .94 
-20.14 
-20.14 
-32 .13 
-47 .96 
-20.14 
-08.87 
+07.91 
+19.18 
-11 .99 
-16.07 
-20 .14 
-23 .98 
[icrease{ + ) 
10 
-40.00 
-50.00 
-46.60 
-56.60 
-63.40 
-30.00 
-33.40 
-36 .60 
-40.00 
-50.00 
-60.00 
-63 .40 
-70.00 
-16.60 
-26.60 
-33 .40 
-42 .60 
-16.60 
-07 .40 
+06.60 
+13.40 
-16.60 
-20.00 
-26 .60 
-33.40 
in seed germination af ter ( d a y s ) 
15 
-31 .14 
-31 .14 
-40 .53 
-46 .90 
-53 .10 
-21 .76 
-24 .96 
-28 .14 
-34 .33 
-34 .33 
- 4 3 . 7 1 
- 4 3 . 7 1 
-59 .29 
-15 .57 
-21 .76 
-28 .14 
-36 .77 
-15 .57 
-03 .00 
+07.50 
+ 10.13 
-12 .38 
-18 .76 
-21 .76 
-31 .14 
20 
-09 .09 
-21 .28 
-33 .27 
-33 .27 
-45 .45 
-18 .18 
-21 .27 
-24 .18 
-30 .36 
-24 .18 
-30 .36 
-33 .27 
-51 .45 
-12 .18 
-21.27 
-27 .27 
-35 .82 
-12 .18 
+02.36 
+ 07.82 
+09.64 
-12 .18 
-15 .09 
-18 .18 
-24 .18 
25 
-08 .58 
-17 .15 
-25.72 
-31 .39 
-42 .88 
+00.67 
-19.90 
-25.70 
-28 .47 
-19.90 
-28.47 
-34 .30 
-45 .63 
-11.32 
-17.15 
-25.72 
-37 .05 
-02.74 
-00.00 
+ 04.63 
-06.86 
-11.32 
-14.24 
-17 .15 
-21.10 
Each reading is mean of ten replicates of each treatment with ten pots in each 
replicate. 
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Table 4 .8 : Effect of 
germination 
Me loidogyne 
Treatment/Inoculum 
levels (8) 
Uninoculated (check) 
Inoculated with 
Nematode (1000) 
2 
R. solani 
F. oxysporum 
Nematode (1000) 
^ '2 
R. solani 
Nematode (1000) 
+ Jo 2 
F. oxysporum 
R. solani (5g) 
+ 
F. oxysporum 
Nematode (1000) 
+ Jo 
2 
R. solani (5g) 
+ 
F. oxysporum 
C D . at 5% 
Dose 
Treatment 
Interaction 
* 
1 
2 
3 
5 
1 
2 
3 
!5 
1 
2 
3 
Ei 
1 
2 
3 
5 
1 
2 
3 
5 
1 
2 
3 
5 
different inoculum levels 
of seeds of 
incognita and 
tomato cv 
Rhizoctonia 
of Fusarium oxysporum or 
'Pusa Ruby' 
so 
Emergence of seedlings 
5 
33.3 
13.3 
15.0 
13.3 
11.7 
08 .3 ' 
13.3 
10.0 
09.3 
08.0 
11.7 
10.7 
08.3 
06.7 
08.3 
06.7 
06.7 
06.0 
15.0 
11.6 
10.3 
06.7 
11.3 
09.7 
08.3 
05.6 
09.3710 
N.S. 
02.4874 
02.9748 
10 
40.0 
23.3 
35.0 
28.3 
25.0 
20,0 
16.7 
13.3 
13.3 
10.0 
33.3 
23.3 
21.7 
16.7 
14.0 
12.3 
10.7 
08.3 
38.3 
36.7 
28.3 
23.3 
33.3 
28.3 
21.3 
16.7 
04.3600 
01.4430 
02.0408 
04.0815 
in soil 
lani separately and 
; (percent) 
15 
46.7 
33.3 
45.0 
38.3 
30.0 
28.3 
23.3 
18.3 
15.7 
12.0 
36.7 
33.3 
30.0 
21.7 
18.3 
15.7 
12.3 
10.3 
45.0 
41.7 
38.3 
31.7 
40.0 
38.3 
31.7 
26.3 
04.2880 
01.3978 
01.9767 
03.9535 
infested witt 
together. 
after (days) 
20 
56.7 
40.0 
48.3 
43.3 
40.0 
36.7 
31.7 
21.0 
18.5 
15.8 
40.0 
36.7 
35.0 
26.7 
28.3 
18.7 
15.0 
12.0 
50.0 
48.3 
43.0 
35.0 
45.0 
43.3 
38.3 
31.7 
04.5430 
03.7017 
05.2349 
10.4699 
25 
58.3 
48.3 
50.0 
48.3 
46.7 
40.0 
36.7 
28.3 
26.7 
22.7 
41.7 
38.3 
36.7 
33.3 
31.7 
24.7 
22.3 
16.7 
51.6 
48.3 
45.0 
38.3 
48.3 
46.7 
40.0 
35.0 
04.1640 
03.5683 
05.1648 
09.7376 
Each reading is mean of ten replicates of a treatment with ten pots in each 
replicate. 
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Table 4.9 : Percent changes In germination of seeds of tomato cv 'Pusa Ruby' as a 
result of infestation of soil with Fusarium oxysporum and Meloidogyne 
incognita with Rhizoctonia solan! separately and together. 
Treatment/Inoculum 
level (g) 
Decrease(-)/lncrease( + ) in seed germination after (days) 
10 15 20 25 
Inoculated with 
Nematode (1000) 
•'2 
R. solan! 
F. oxysporum 
1 
2 
3 
5 
1 
2 
3 
5 
-60.06 
-41.75 •28.69 -29.45 -17.15 
54.95 
60.06 
64.86 
75.08 
60.06 
69.97 
72.07 
75.98 
-12 .50 
-29 .25 
-37 .50 
-50 .00 
-58.25 
-66.75 
-66 .75 
-75.00 
-03 .64 
-17 .99 
-35 .76 
-39 .40 
- 5 0 . 1 1 
-60 .81 
-66 .38 
-74 .30 
-14 .81 
-23 .63 
-29 .45 
-35 .27 
-44 .09 
-62 .96 
-67 .37 
-72 .13 
- 1 4 . 2 4 
-17.15 
-19 .90 
-31 .40 
-37 .05 
-51.46 
-54 .20 
-61.06 
Nematode (1000) 
R. solan! 64.86 
67.87 
75.08 
79.88 
-16.75 
-41.75 
-45.75 
-58 .25 
-21 .41 
-28 .69 
-35 .76 
-53 .53 
-29 .45 
-35.27 
-38 .27 
-52 .91 
-28.47 
-34 .30 
-37.05 
-42 .90 
Nematode (1000) 
_F. oxysporum 
R. solan! (5g) 
+ 
F. oxysporum 
1 
2 
3 
5 
1 
2 
3 
5 
75.08 
79.88 
79.88 
81.98 
54.95 
65.17 
69.07 
79.88 
-65 .00 
-69 .25 
-73 .25 
-79.25 
-04.25 
-08.25 
-29.25 
-41.75 
-60 .81 
-66 .38 
-73.66 
-77 .94 
-03.64 
-10 .71 
-17 .99 
-32.12 
-50 .09 
-67 .02 
-73 .54 
-78 .84 
-11 .82 
-14 .81 
-24 .16 
-38 .27 
-45 .62 
-57 .63 
-61.75 
-71.36 
-11 .50 
-17 .20 
-22 .80 
-34 .30 
Nematode (1000) 
^2^ 
R. solan! (5g) 
+ 
F. oxysporum 
1 
2 
3 
5 
•66.07 
•70.87 
•75.08 
83.18 
-16 .75 
-29.25 
-46 .75 
-58.25 
-14.35 
-17 .99 
-32.12 
-43 .68 
-20 .63 
-23 .63 
-32 .45 
-44.09 
-17 .20 
-19 .90 
-31 .40 
- 3 9 . 9 6 
Each reading is mean of ten replicates of each treatment with ten pots in each 
replicate. 
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4.2.4. Rhlzopus nigricans 
The germination of seeds was adversely affected when 
soil was infested with different levels of inoculum of R. 
nigricans. When the seeds were sown in the fungus infested soil, 
the seed germination was indirectly proportional to the level of 
inoculum of the fungus. However, when seeds were sown in soil 
infested with R. nigricans and root-knot nematode together, the 
germination, by and large, was less than that, in R. nigricans 
alone at all the levels of inoculum of R. nigricans and of nematode 
alone at 2,3 and 5g of R. nigricans. 
When soil was infested with R. solani (5g) together with 
different inoculum levels of R. nigricans, the germination was 
more than in soil infested with R. solani (5g) alone. However, 
with increase in the levels of inoculum of R. nigricans in 
inoculation with R. solani or R. solani together with nematode, 
the germination percentage increased, but it was less than check 
(Tables 4.10 6 4.11; Fig. 10 a 6 b - 12 a 8 b) . 
4.2.5 F'eniclIlium vermiculatum 
When P. vermicu la turn was incorporated in soil, the 
germination of seeds was adversely affected. The decline was 
inversely proportional to the increase in the level of fungus. 
The cumulative germination of seeds in soil infested with different 
levels of inoculum of P. vermicu latum after 25 days was less than 
that in soil infested with nematode and of R. solani separately. 
However, when soil was infested with different levels of inoculum 
of P. vermicu latum together with the 1000 larvae of nematode, 
the germination of seeds was more than nematode alone at Ig level 
of inoculum of the fungus, but at other inoculum levels of fungus 
the germination of seeds was less than nematode alone. 
When seeds were sown in soil infested with R. solani 
and P. vermicu latum together, the germination of seeds increased 
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Table 4.10 : Effect of different Inoculum levels of Rhlzopus nigricans on germination 
of seeds of tomato cv 'Pusa Ruby' in soil infested with Meloidogyne 
incognita and Rhizoctonia solani separately and together. 
T reat ment/1 no cu lum 
levels (g) 
Emergence of seedlings (percent) after{days) 
10 15 20 25 
Uninoculated (check) 33.3 43.3 58.3 73.3 76.7 
Inoculated 
Nematode 
R. solani 
Rhizopus 
nigricans 
Nematode 
+ 
R. solani 
Nematode 
+ 
Rhizopus 
nigricans 
R. solani 
+ 
Rhizopus 
nigricans 
Nematode 
+ 
R. solani 
+ 
Rhizopus 
nigricans 
1 with 
(1000) 
Jo 
2 
(1000) 
Jo 
2 
(1000) 
Jo 
2 
(5g) 
(1000) 
Jo 
2 
(5g) 
C D . at 5% 
Dose 
Treatment 
Interaction 
I 
1 
2 
3 
5 
1 
2 
3 
5 
1 
2 
3 
5 
1 
2 
3 
5 
1 
2 
3 
5 
1 
2 
3 
5 
25.0 
38.3 
35.0 
28.3 
26.7 
43.3 
38.3 
38.3 
33.3 
31.7 
30.0 
18.3 
15.0 
36.7 
38.3 
26.7 
23.3 
31.7 
41.7 
46.7 
45.0 
20.0 
28.3 
33.3 
23.3 
05.2090 
02.4724 
03.4965 
06.9330 
31.7 
50.0 
43.3 
40.0 
38.3 
55.0 
53.3 
48.3 
45.0 
41.7 
40.0 
38.3 
28.3 
46.7 
41.7 
40.0 
36.7 
53.3 
53.3 
56.7 
58.3 
26.7 
40.0 
48.3 
45.0 
05.0710 
01.8258 
02.5821 
05.1641 
41.7 
56.7 
51.7 
50.0 
48.3 
63.3 
58.3 
55.0 
51.7 
56.7 
53.3 
48.3 
43.3 
53.3 
51.7 
48.3 
43.3 
56.7 
58.3 
61.7 
63.3 
38.3 
53.3 
58.3 
55.0 
04.1070 
01.3351 
01.8862 
03.7762 
58.3 
63.3 
58.3 
55.0 
51.7 
65.0 
60.0 
58.3 
55.0 
61.7 
58.3 
55.0 
51.7 
58.3 
56.7 
53.3 
48.3 
60.0 
60.0 
63.7 
65.0 
55.0 
56.7 
60.0 
60.0 
04.4500 
01.4341 
02.0810 
04.0560 
61.7 
71.7 
65.0 
63.3 
58.3 
66.7 
63.3 
60.0 
58.3 
68.3 
61.7 
56.7 
51.7 
63.3 
60.0 
55.0 
53.3 
61.7 
63.3 
65.0 
68.3 
56.7 
58.0 
63.7 
65.0 
04.2030 
01.3986 
01.9941 
03.7392 
Each reading is mean of ten replicates of each treatment with ten pots in each 
replicate. 
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Table 4.11 : Percent changes in germination of seeds of tomato cv 'Pusa Ruby' as 
result of infestation of soil with Rhizopus nigricans and Meloidogyne 
incognita with Rhizoctonia solani separately and together. 
Treat ment/ Inocu lum 
level (g) 
Decrease(-)/Increase{ + ) in seed germination after (days) 
10 15 20 25 
Inoculated with 
Nematode (1000) 
^^ 2 
R. solani 
Rhizopus 
nigricans 
1 
2 
3 
5 
1 
2 
3 
5 
-24.92 -26.79 -28.48 -20.48 -19.56 
+ 15.01 
+ 05.11 
-15 .02 
-19 .82 
+30.03 
+15.01 
+15.01 
±00.00 
+15.47 
±00.00 
-07 .62 
-11 .55 
+27.02 
+23.09 
+11.55 
+03.93 
-02.74 
-11 .33 
-14 .25 
-17 .17 
+08.56 
±00.00 
-05 .68 
-11 .33 
-13 .67 
-20 .48 
-24 .98 
-29 .48 
-11 .34 
-18 .16 
-20 .48 
-24 .98 
-06 .52 
-15 .25 
-17 .47 
-23 .99 
-13 .04 
-17 .47 
-21 .77 
-23 .99 
Nematode (1000) 
^2 
R. solani 1 
2 
3 
5 
-04.80 
-09 .91 
-45.05 
-54.96 
-03 .69 
-07 .62 
-11 .55 
-34 .64 
-02.74 
-08 .59 
-17 .17 
-25.74 
-15 .82 
-20 .48 
-24 .98 
-29 .48 
-10 .95 
-19 .56 
-26 .08 
-32 .59 
Nematode (1000) 
"'2 
R. nigricans 
R. solani (5g) 
+ 
R. nigricans 
1 
2 
3 
5 
1 
2 
3 
5 
+10.21 
+15.01 
-19 .82 
-30 .03 
-04 .80 
+25.23 
+40.24 
+35.13 
+ 07.85 
+03.67 
-07 .62 
-15 .24 
+23.12 
+23.09 
+ 30.95 
+34.64 
-08 .59 
-11 .33 
-17.17 
-25.74 
-02 .74 
±00.00 
+ 05.82 
+ 08.56 
-20 .48 
-22 .66 
-27 .30 
-34 .12 
-18 .16 
-18 .16 
- 1 3 . 1 1 
-11 .34 
-17 .47 
-21 .77 
-28 .29 
- 3 0 . 5 1 
-19 .56 
-17 .47 
-15 .25 
-10 .95 
Nematode (1000) 
+ Jo 
R. 
R. 
solani (5g) 
+ 
nigricans 
1 
2 
3 
5 
-39 .94 
-15 .02 
±00.00 
-30 .03 
-38 .34 
-07 .62 
+11.57 
+03.95 
-34.32 
-08 .59 
±00.00 
+05.68 
-24 .98 
-22 .66 
-18 .16 
-18 .16 
-26 .08 
-24 .38 
-17 .47 
-15 .25 
Each reading is mean of ten replicates of each treatment with ten pots in each 
replicate. 
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with Incirease in level of P. vermiculatum. At the infestation level 
of 5g of P. vermiculatum together with R. solani (5g) and 
nematode (1000 larvae) the germination of seeds was almost similar 
to that in check (Tables 4.12 a 4.13; Fig. 1 3 a a b - 1 5 a 8 b ) . 
4.2.6 Tirichothedum roseum 
The germination of seeds was affected adversely when 
T. roseum was incorporated in the soil at a l l the levels of 
inoculum except at Ig where the germination was not materially 
affected. The difference between the germination of seeds at this 
inoculum level of T. roseum and check was not s ta t is t ical ly 
significant. The seed germination was also not affected when soil 
was infested with Ig T. roseum together with nematode or Ig T. 
roseum together with (5g) R. solani. At higher inoculum level 
of T. roseum the adverse effect of the fungus on seed germination 
was pronounced ei ther in the presence of nematode or R. solani 
or both. When soil was infested with T. roseum and R. solani 
together, the germination was more than when soil was infested 
with ei ther of the two organisms separately at a l l the levels 
of inoculum of T. roseum• Similarly, when seeds were sown in 
the soil infested with nematode and T. roseum, the germination 
of seeds was more than in soil infested with e i ther of two 
organisms separately (Tables 4.14 S 4.15; Fig. 16 a 6 b - 18 
a 6 b ) . 
4.2.7 Trichoderma viridae 
The germination of seeds of tomato was adversely 
affected when sown in the soil infested with Ig, 2g and 3g of 
T. vir idae per kg soi l , but at 5g of T. v i r idae per kg soi l , 
the germination of seeds was not affected. 
In soil infested with nematode and T. v i r idae together, 
the germination of seeds was almost equal to that in nematode 
infested soil at al l the inoculum levels of the fungus. 
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Table 4.12 : Effect of 
germi ration 
M eloidogyne 
Treatment/Inoculum 
levels (g) 
Uninoculated (check) 
Inoculated with 
Nematode (1000) 
Jo 2 
R. solanl 
P. vermiculatum 
Nematode (1000) 
+ Jo 2 
R. solanl 
Nematode (1000) 
+ Jo 2 
P. vermicu latum 
R. solanl (5g) 
P. vermiculatum 
Nematode (1000) 
+ Jo 
2 
R. solani (5g) 
+ 
P. vermiculatum 
C D . at 5% 
Dose 
Treatment 
Interaction 
: 
1 
2 
3 
5 
1 
2 
3 
5 
1 
2 
3 
5 
1 
2 
3 
5 
1 
2 
3 
5 
1 
2 
3 
5 
different inoculum levels 
of seeds of 
incognita and 
tomato cv ' 
Rhizoctonla 
of Penicillium vermiculatum on 
Pusa Ruby' in soil infested with 
solani separately and together. 
Emergence of seedlings (percent) after (days) 
5 
31.7 
30.0 
36.7 
30.0 
27.3 
20.0 
40.0 
33.3 
20.0 
15.0 
26.7 
25.0 
23.3 
16.7 
41.7 
33.3 
26.7 
18.3 
28.3 
35.0 
41.7 
45.0 
23.3 
26.7 
28.3 
30.7 
05.3190 
01.7355 
02.4544 
04.9088 
10 
51.7 
43.3 
51.7 
45.0 
38.3 
33.3 
53.3 
45.0 
36.7 
35.0 
46.7 
38.3 
38.3 
31.7 
50.0 
46.7 
43.3 
35.0 
46.7 
48.3 
50.0 
51.7 
45.0 
46.7 
48.3 
53.3 
05.7100 
02.1253 
03.0056 
06.0111 
15 
61.7 
55.0 
58.3 
56.7 
48.3 
41.7 
56.7 
51.7 
48.3 
43.7 
53.3 
50.0 
46.7 
38.3 
58.3 
53.3 
50.0 
46.7 
51.7 
53.3 
56.7 
60.0 
51.7 
53.3 
56.7 
63.3 
04.7500 
01.8644 
02.6366 
05.2732 
20 
68.3 
58.3 
63.3 
60.0 
56.7 
50.0 
60.0 
53.7 
50.0 
48.3 
56.7 
51.7 
48.3 
46.7 
61.7 
55.0 
51.7 
50.0 
56.7 
58.3 
61.7 
63.3 
55.0 
61.7 
63.3 
68.3 
04.5110 
01.7425 
02.4643 
04.9286 
25 
73.3 
63.3 
68.3 
61.7 
60.0 
53.3 
61.7 
56.7 
53.3 
51.7 
63.3 
58.3 
56.7 
50.0 
66.7 
60.0 
55.0 
53.3 
61.7 
65.0 
66.7 
69.3 
61.7 
65.0 
66.7 
71.7 
04.0580 
01.3059 
01.8468 
03.6936 
Each readings is mean of ten replicates of a treatment with ten pots in each 
replicate. 
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Table 4.13 : Percent changes In germination of seeds of tomato cv 'Pusa Ruby' as 
a result of infestation of soil with Penicillium vermicu latum and 
Meloidogyne incognita with Rhizoctonia solani separately and together. 
Treatment/Inoculum 
level (g) 
Decrease(-)/Increase( + ) in seed germination after (days) 
10 15 20 25 
Inoculated with : 
(Nematode (1000) 
•^ 2 
R. solani 1 
2 
3 
5 
-05.36 
+ 15.77 
-05.36 
-13.88 
-36.91 
-16.25 
±00.00 
-12.96 
-25.92 
-35.59 
-10.86 
•05.51 
-08.10 
•21.72 
•32.41 
-14.64 
-07.32 
-12.15 
-16.98 
-26.79 
-13.60 
-06.82 
-15.83 
-18.14 
-27.29 
P. vermicu latum 1 
2 
3 
5 
+26.18 
+05.05 
-36.91 
-52.68 
+03.09 
-12.96 
-29.01 
-32.30 
"08.10 
•16.21 
•21.72 
•29.17 
-12.15 
-21.38 
-26.79 
-29.28 
-15.83 
-22.64 
-27.29 
-29,47 
Nematode (1000) 
R. solani -15.77 
-21.14 
-26.50 
-47.32 
-09.67 
-25.92 
-25.92 
-38.68 
-13.61 
-18.96 
-24.31 
-37.93 
-16.98 
-24.30 
-29.28 
-31.63 
-13.64 
-20.46 
-22.65 
-31.79 
Nematode (1000) 
'2 
_P. vermicu latum 1 
2 
3 
5 
R. solani (5g) 1 
~ + 2 
P. vermicu latum 3 
5 
+31.55 
+ 05.05 
-15.77 
-42.27 
-10.73 
+10.41 
+31.55 
+41.96 
-03.29 
-09.67 
-16.25 
-32.30 
-09.67 
-06.58 
-03.29 
±00.00 
-05.51 
-13.61 
-18.96 
-24.31 
-16.21 
-13.61 
-08.10 
-02.76 
-09.66 
-19.47 
-24.30 
-26.79 
-16.98 
-14.64 
-09.66 
-07.32 
-09.00 
-18.14 
-24.97 
-27.29 
-15.83 
-11.32 
-09.04 
-05.46 
Nematode (1000) 
R. solani (5g) i 
+ 2 
P. vermicu latum 3 
5 
-26.50 
-15.77 
-10.73 
-03.15 
-12.96 
-09.67 
-06.58 
+03.09 
-16.21 
-13.61 
-08.10 
+02.59 
-19.47 
-09.66 
-07.32 
±00.00 
-15.83 
-11.32 
-09.04 
-02.18 
Each reading is mean of ten replicates of each treatment with ten pots in each 
replicate. 
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Table 4.14 : Effect of different inoculum levels of Trlchothecium roseum on 
germiniition of seeds of tomato cv 'Pusa Ruby' in soil infested with 
Meloidogyne incognita and Rhizoctonia solani separately and together. 
T reat ment/1 no cu lum 
levels (g) 
Emergence of seedlings (percent) after (days) 
10 15 20 25 
Uninoculated (check) 
Inoculated with : 
Nematode (1000) 
R. solani 1 
2 
3 
5 
41.7 
31.7 
38. 
36. 
31. 
28. 
51.7 
35.0 
43.3 
41.7 
38.3 
35.0 
61.7 
48.3 
53 
48 
46 
41 
71.7 
66.7 
60.0 
56.7 
53.3 
48.3 
80.0 
70.0 
71. 
63. 
58. 
53. 
T. roseum 41. 
31. 
28. 
26.7 
46.7 
46.7 
45.0 
41.7 
58. 
53. 
51. 
48.3 
68. 
61. 
58. 
56.7 
77.3 
70.0 
66.7 
61.7 
Nematode (1000) 
'2 
R. solani 1 
2 
3 
5 
33.3 
30.3 
26.7 
21.7 
43.3 
35.0 
33.3 
28.3 
53.3 
43.3 
41.7 
36.7 
60.0 
55.0 
53.3 
46.7 
66.7 
61.7 
55.6 
53.3 
Nematode (1000) 
'2 
T. roseum 1 
2 
3 
5 
36.7 
33.3 
31.7 
30.0 
46.7 
45.0 
43.3 
41.7 
63.3 
58.3 
53.3 
50.0 
70.0 
66 
63 
61 
76.0 
73.3 
71.7 
70.0 
R. solani (5g) 
+ 
T. roseum 
1 
2 
3 
5 
48.3 
43.3 
33.3 
30.3 
56.7 
55.0 
43.3 
40.0 
65.0 
63.3 
55.0 
53.3 
73.3 
71.7 
70.0 
60.0 
80.0 
76. 
73, 
66. 
Nematode (1000) 
+ Jo 
R. solani (5g) 
+ 
roseum 
1 
2 
3 
5 
43.3 
40.0 
33.3 
30.0 
04.4460 
01.5349 
02.1707 
04.3414 
56.7 
51.7 
46.7 
45.0 
05.9410 
01.9366 
02.7388 
05.4766 
65.0 
60.0 
55.0 
51.7 
05.4640 
01.8644 
02.6366 
05.2732 
75.0 
70.0 
68.3 
63.3 
05.2330 
01.8300 
02.5781 
05.1561 
76.7 
73.3 
70.0 
66.7 
04.5150 
01.4428 
02.0404 
04.0808 
C D . at 5% 
Dose 
Treatment 
Interaction 
Each reading is mean of ten replicates of each treatment with ten pots in each 
T»onH noto 
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Table 4.15 : Percent changes in germination of seed of tomato cv 'Pusa Ruby' as a 
result of infestation of soil with Trichothecium roseum and Meloidogyne 
incognita with Rhizoctonia solani separately and together. 
Treatment/Iixjculum 
level (g) 
Decrease(-)/Increase( + ) in seed germination after (days) 
10 15 20 25 
Inoculated with 
Nematode (1000) 
R. solani 
Trichothecium 
roseum 
1 
2 
3 
5 
1 
2 
3 
5 
-23.98 -32.31 -21.71 -06.97 -12.50 
•08.16 
11.99 
23.98 
32.14 
00.96 
23.98 
32.14 
35.97 
-16.26 
-19 .35 
-25 .92 
-32 .31 
-09 .68 
-09 .68 
-12.97 
-19 .35 
-13.60 
-21 .71 
-24 .31 
-32 .41 
-05.51 
-13.60 
-16 .21 
-21 .71 
-16 .32 
-20 .92 
-25 .65 
-32 .64 
-04 .74 
-13 .95 
-18.69 
-20.92 
-10 .38 
-20 .88 
-27 .13 
-33 .38 
-03 .38 
-12 .50 
-16 .63 
-22 .88 
Nematode (1000) 
'2 
R. solani 1 
2 
3 
5 
20.15 
27.34 
35.97 
47.96 
-16 .26 
-32 .31 
-35.60 
-45 .26 
-13.60 
-29.82 
-32 .41 
-40.52 
-16.32 
-23 .29 
-25.66 
-34.87 
-16 .60 
-22 .88 
-30.50 
-33 .38 
Nematode (1000) 
^2 
T. roseum 
^ . solani (5g) 
+ 
T. roseum 
1 
2 
3 
5 
1 
2 
3 
5 
-11 .99 
-20.15 
-23 .98 
-28.06 
+15.82 
+03.83 
-20.15 
-27.34 
-09 .68 
-12 .97 
-16 .26 
-19.35 
+09.67 
+06.38 
-16 .26 
-22 .63 
+02.59 
-05 .51 
-13.60 
-18.96 
+05.35 
+02.59 
-10.86 
-13.60 
-02.37 
-07 .53 
-11.72 
-13.95 
+02.23 
±00.00 
-02 .37 
-16 .32 
+05.00 
-08.38 
-10 .38 
-12 .50 
±00.00 
-04 .13 
-08 .38 
-16 .63 
Nematode (1000) 
+ J . 
R. solani 
+ 
T. roseum 
'2 
{5g) 1 
2 
3 
5 
+03.83 
-04 .08 
-20.15 
-28.06 
+09.66 
+00.00 
-09 .68 
-12 .97 
+05.35 
-02.74 
-10.86 
-16 .21 
+04.60 
-02.37 
-04.74 
-11.72 
-04 .13 
-08 .38 
-12 .50 
-16 .63 
Each reading is mean of ten replicates of each treatment with ten pots in each 
replicate. 
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Fig. 1 . Seedlings of tomato cv 'Pusa Ruby* grown in soil 
infested with R. solanl (5g/kg so i l ) . 
R = Rotted part of roots. 
Fig. 2 . A single seedling of tomato cv 'Pusa Ruby' infested 
with R. solani. 
R = Rotted part of root. 
Fig. 3 . Seedlings of tomato cv 'Pusa Ruby' grown in soil 
infested with nematode. 
GL = Portion of seedling showing gall . 
Fig. 4 . A single seedling of tomato cv 'Pusa Ruby' from 
nematode infested soil with gall . 
Fig. 1. Seedlings of tomato cv 'Pusa Ruby' grown in soil 
infested with root knot nematode (1000 J^/kg soil). 
Fig. 2. Seedlings of tomato cv 'Pusa Ruby' growrt in soil 
Infested with different levels of R. solani (a = Ig; b 
= 2g; c = 3g; d = 5g/kg soil). 
Fig. 3 . Seedlings of tomato cv 'Pusa Ruby' grown in soil 
infested with different levels of T. roseum (a = Ig; 
b = 2g; c = 3g; d = 5g/kg soil). 
Fig. 4. Seedlings of tomato cv 'Pusa Ruby' grown in soil 
infested with 1000 larvae of root knot nematode together 
with a = Ig; b = 2g; c = 3g; d = 5g/kg soil of R. 
solani. 
Fig. 5. Seedlings of tomato cv 'Pusa Ruby' grown in soil 
infested with 1000 larvae of root knot nematode together 
with a = Ig; b = 2g; c = 3g; d = 5g/kg soil of T. 
roseum. 
Fig. 6. Seedling of tomato cv 'Pusa Ruby' grown in soil infested 
with 5g of R. solani together with a = Ig; b = 2g; 
c = 3g; d = 5g/kg soil of T. roseum. 
Fig. 7. Seedlings of tomato cv 'Pusa Ruby' grown in soil 
infested with 1000 larvae of root-knot nenatode,5g of R. 
solani together with a = Ig; b = 2g; c = 3g; d = 5g/kg 
soil of T. roseum. 
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When seeds were sown In soil Infested with different 
Inoculum levels of T. vir idae separately with (5g) R. solani, 
the germination of seeds was more than those in soil infested 
with (5g) R. solani alone (Tables 4.16 and 4.17; Fig. 19 a 6 b 
- 21 a 6 b ) . 
A comparative data on the effect of different rhizosphere 
fungi on seed germination together with/or without nematode and 
R. solani are given in table 4.18. 
With nematode infestation together with seven rhizosphere 
fungi separately, least adverse effect in seed germination was 
observed when soil was infested with T. v i r idae and T. roseum. 
The order of increasing adverse effect on seed germination as 
a result of infestation of soil by fungi was, A. f lavus, P. 
vermicu let turn, E. purpura scens, R. nigricans and F. oxysporum; 
with R. solani together with seven rhizosphere fungi separately, 
the order was T. roseum, E. purpurascens, T. v i r idae . P. 
vermiculatum, R^ . nigricans, F. oxysporum and A. flavus and with 
R. solgini and nematode together with seven fungi, P. 
vermiculcitum, T. v i r idae , T. roseum, E. purpurascens, R. 
nigricans, F. oxysporum and A. flavus. The rhizosphere fungi 
v i z . , T. v i r idae , T. roseum, E. purpurascens and P. vermicu latum 
appeared first four in order from least reduction in seed 
germination in a l l the above cases. Therefore, these were 
selected for further study. 
4.3 Effejct of Infestation of Epicoccum purpurascens, PenldIlium 
vermicu latum. Trichothedum roseum, Trichoderma viridae, 
in soil together with root-knot nematode (with or without 
Rhleoctonia solani) on growth of tomato cv. Pusa Ruby and 
nematode multiplication 
Out of the seven rhizosphere fungi tested together with 
nematode and R. solani for their effect on host (based on seed 
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Table 4.16 : Effect of 
germination 
different 
of seeds 
inoculum 
of tomato 
levels 
cv 'Pusa Ruby' 
of Trichoderma vir idae on 
with in soil infested 
Meloidogyne incognita and Rhizoctonia solani separately and together. 
Treatment/Inoculum 
levels (g) 
Emergence of seedling ( percent) after (days) 
10 15 20 25 
Uninoculated (check) 18.3 36.6 51.6 58.3 65.0 
Inoculated with 
Nematode (1000) 
Jo 
2 
R. solani 
T. vir idae 
Nematode (1000) 
+ J« 
2 
R. solani 
Nematode (1000) 
+ Jo 2 
T. vi r idae 
R. solani (5g) 
+ 
T. v i r idae 
Nematode (1000) 
+ Jo 
2 
R. solani (5g) 
+ 
T. vi r idae 
y ^ t " A^ 
C D . at 5%L ' 
Dose // ' 
Treatment u,^ ^ 
Interaction \ ^ ^ 
Each reading is 
repl icate. 
; 
1 
2 
3 
5 
1 
2 
3 
5 
1 
2 
3 
5 
1 
2 
3 
5 
1 
2 
3 
5 
1 
2 
3 
> ^ 
fT' 
P 
L t . . 
J * »... 
c ( 
A 
.. —^  
16.1 
18.3 
16.6 
15.0 
13.3 
20.0 
21.0 
23.0 
25.0 
18.3 
11.6 
10.0 
08.3 
18.3 
18.3 
20.0 
23.3 
20.6 
26.6 
28.3 
28.3 
21.6 
25.6 
26.6 
28.3 
^"n^^?^ 
L* 
< ' ' \ 
^-4^.3090 
> i 3 9 7 0 
^ ^ 9 j5lll9750 
/ L^ 
^^liiunrn'^' 
1 mean Of 
^ : ^^3.9510 
> " ' . ' 
ten replicates 
28.3 
30.0 
28.3 
26.3 
25.0 
30.0 
35.0 
38.3 
46.6 
28.3 
26.6 
23.3 
21.6 
30.3 
33.3 
35.6 
43.3 
31.6 
36.6 
38.2 
40.0 
36.6 
38.3 
41.6 
46.6 
05.6880 
01.8930 
02.6780 
05.3550 
of each 
38.3 
38.3 
35.0 
33.3 
28.3 
40.0 
45.0 
48.3 
53.0 
35.0 
35.0 
33.3 
26.6 
41.6 
45.0 
46.3 
48.0 
41.6 
45.0 
46.6 
53.3 
43.0 
45.0 
53.3 
55.0 
05.3830 
01.7600 
02.4890 
04.9770 
treatment 
50.0 
46.6 
45.3 
41.6 
38.3 
51.6 
51.6 
53.3 
61.3 
45.0 
' 43.3 
38.3 
31.6 
46.6 
53.3 
56.3 
58.3 
48.3 
50.3 
55.0 
58.3 
50.0 
53.3 
56.6 
58.3 
04.5590 
01.6330 
02.3090 
04.6170 
with ten 
58.3 
58.3 
56.7 
55.0 
53.3 
56.3 
57.7 
61.7 
65.0 
56.3 
53.3 
51.3 
46.7 
56.7 
57.7 
60.0 
61.7 
56.7 
58.3 
63.3 
64.0 
53.3 
60.0 
61.7 
63.3 
03.4650 
01.0900 
01.5420 
03.0830 
pots in each 
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Table 4.17 : Percent changes in germination of seeds of tomato cv 'Pusa Ruby' as 
a result of infestation of soil with Trichoderma vi r idae and 
Meloidogyne incognita with Rhizoctonia solani separately and together. 
Treatment/Inoculum 
level (g) 
Decrease(-)/Increase( + ) in seed germination after (days) 
10 15 20 25 
Inoculated with 
Nematode (1000) 
^2 
R. solani 
Trichoderma 
vir idae 
1 
2 
3 
5 
1 
2 
3 
5 
-12.02 -22.68 -25.78 -14.25 -10.30 
±00.00 
-09 .28 
-18 .03 
-27 .32 
+09.29 
+14.75 
+25.68 
+36.61 
-18 .03 
-22 .68 
-28.14 
-31 .69 
-18 .03 
-04 .37 
+04.64 
+27.32 
-25 .78 
-32 .17 
-35 .47 
-45.15 
-22 .48 
-12 .79 
-06 .39 
+02.71 
- 2 0 . 0 7 
-22 .29 
-28.64 
-34 .31 
-11 .49 
-11 .49 
-08 .59 
+05.13 
-10.30 
-12 .78 
-15 .40 
-18.00 
-13.40 
-11.23 
-05 .10 
±00.00 
Nematode (1000) 
R. solani 1 
2 
3 
5 
400.00 
-36 .62 
-45.36 
-54.64 
-22 .68 
-27.32 
-36 .34 
-40 .98 
-32 .17 
-32 .17 
-35 .47 
-48.44 
-22 .81 
-25 .74 
-34 .31 
-45 .80 
-13.40 
-18.00 
-21.10 
-28.15 
Nematode (1000) 
'2 
T. viridae 
R. solani (5g) 
+ 
T. viridae 
1 
2 
3 
5 
1 
2 
3 
5 
±00.00 
±00.00 
+ 09.29 
+27.32 
+12.57 
+45.36 
+ 54.64 
+54.64 
-17 .21 
-09.02 
-02.72 
+18.31 
-13 .66 
±00.00 
+04.37 
+09.29 
-19.37 
-12 .79 
-10.27 
-06 .98 
-19.37 
-12 .79 
-09 .68 
+03.29 
-19 .91 
-08 .59 
-03 .43 
±00.00 
-17 .15 
-13 .73 
-05 .67 
±00.00 
-12.80 
-11 .23 
-07 .70 
-05 .10 
-12 .80 
-10.30 
-02 .60 
-01 .54 
Nematode (1000) 
^2 
R. solani (5g) 
+ 
T. vir idae 
1 
2 
3 
5 
+18.03 
+ 39.89 
+45.36 
+54.64 
±00.00 
+04.64 
+13.66 
+27.32 
-16 .67 
-12 .79 
+03.29 
+06.59 
-14 .25 
-08 .59 
-02 .91 
±00.00 
-18.00 
-07 .70 
- 0 5 . 0 8 
-02 .60 
Each reading is mean of ten replicates of each treatment with ten pots in each 
replicate. 
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germination) in the preceding studies E. purpurascens, P. 
vermlculatum, T. roseum and T. vir idae (4.2) indicated desi rable 
effect on seed germination despite the presence of R. solani or 
nematode or both. Therefore, these were selected for further 
studies on growth of plants in the presence of nematode or R. 
solani. The results are presented in table 4.19-4.22. 
A. Growth of plants 
a. Soil infestation at seedling emergence stage 
There was reduction in growth of plants (as measured 
in dry weight) to a varying degree, when seedlings, from the 
soil infested with single organism, were transplanted in s ter i l ised 
soi l . The growth of plants was reduced most (31.12%) as a result 
of infestation with R^ . so lani and least (2.21%) with P. 
vermiculatum at the seedling emergence stage. 
As a result of soil infestation with any of the four fungi 
together with nematode at seedling emergence stage, the plant 
growth was most reduced when soil was infested with R. solani 
and nematode (35.07%) and least with T. roseum and nematode 
(0.63%). When growth of plants, raised in soil infested with 
nematode together with any of these fungi, was compared with 
those from soil infested with any of these fungi alone, there was 
more reduction in growth in the bipathogenic condition except 
in seedlings from soil infested with T. roseum and nematode. 
In soil infested with J . roseum or P. vermicu latum with 
nematode, the growth of plants improved over those raised from 
soil infested with nematode alone. 
The growth of plants from the seedlings raised in soil 
infested with R. solani with any one of the rhizosphere fungi 
was more than those raised in soil infested with R. solani alone. 
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The growth of plants from the seedlings raised in soil 
Infested with R. solani together with nematode and any one of 
the four rhizosphere fungi was least affected in plants raised 
in soil infested with R. solani, E. purpura scens and nematode 
(Tables 4.19 a 4.20; Fig. 22-a). 
b . Soil infestation at seedling emergence and at transplantation 
When seedlings raised in soil infested with different 
organisms alone or together, were transplanted in the soil infested 
with same organism(s), there was further reduction in growth 
of plants as measured in dry weight, except in those where the 
seedlings were raised in soil infested with T. roseum alone, T. roseum 
and nematode; R. solani and £ . vermiculatum; and R. solani and 
T. roseum, where there was improvement in growth of plants . 
The increase in growth of plants over check was more when 
seedlings were raised in soil infested with T. roseum and 
nematode and transplanted in the soil infested with these 
organisms (Tables 4.19 6 4.20; Fig. 22-b). 
B. Popuilation of nematode B 
The population of larvae In roots of tomato and in soil 
around roots was adversely affected in a l l the treatments with 
fungus as a component. Lowest number of larvae was obtained when 
soil was Infested with T. roseum in combination with root-knot 
nematode. Similarly, in the presence of R. solani and nematode, 
when other fungi were added in soil separately and tomatoes were 
grown, the population of nematode was poor in soil infested with 
T. roseum together with nematode and R. solani. Thus, it appears 
that T. roseum adversely affected the root-knot nematode. A 
similar trend was observed when root-knot index and number of 
galls were taken into consideration. The root-knot index was low 
in plants grown in soil where T. roseum was added together with 
nematode (Table 4.21; Fig. 2 3 a a b - 2 4 a 6 b ) . 
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Table 4.19 : Effect of infestation of Epicoccum purpurascens, Penicillium vermlculatum. 
Trlchothectum roseum, Trichoderma vlridae in soil together with root knot nema-
tode Meloidopyne incoRnita (with/without Rhizoctonia solani) on growth of tomato 
cv 'f'usa 'Kuby'. 
Growth of plants after - days 
Treatments 
LENGTH FRESH WEIGHT DRY-WEIGHT 
Inoculation Inoculation Inoculation Inoculation 
at seed at seed at seed at seed 
germination germination germination germination 
and and 
Transplan- Transplan-
tation tation 
(cm) (cm) (g) (g) 
Inoculation Inoculation 
at seed at seed 
germination germination 
and 
Transplan-
tation 
(g) (g) 
Uninoculated (check) 
Nematode 
R, 
E. 
P. 
T. 
T. 
R. 
E, 
P. 
T. 
T. 
R. 
R. 
R. 
R. 
. solani 
, purpurascens 
. vermiculatum 
, roseum 
v l r i d a e 
s . + Nematode 
, p . + Nematode 
v . + Nematode 
, r . + Nematode 
v . + Nematode 
.^. + E . £ . 
s . + T . r . 
s . + T . v . 
R.s + E .p . + Nematode 
R.s . + P .v . + Nematode 
R.s . + T.r . Nematode 
R.s. + T.v. + Nematode 
91.50 
81.59 
78.59 
80.99 
83.41 
78.23 
82.78 
76.72 
81.64 
89.48 
94.74 
80.28 
77.68 
85.81 
77.45 
83.11 
83.16 
88.21 
80.49 
78.82 
91.50 
72.25 
73.48 
77.07 
74.11 
90.99 
86.52 
67.77 
7 8.03 
87.92 
94.74 
74.48 
81.25 
76.52 
7 8.39 
75.05 
77.69 
78.92 
79.45 
73.80 
41.50 
34.15 
31.54 
34.81 
37.63 
36.72 
37.11 
30.51 
33.37 
39.03 
38.63 
35.45 
29.88 
32.87 
34.94 
38.81 
44.18 
36 .11 
37.97 
34.05 
41.50 
28.75 
27.76 
25.06 
32.90 
37.89 
37.90 
23.54 
29.45 
33.86 
48.42 
30.75 
39.15 
35.36 
41.94 
32.50 
36.24 
30 .21 
37.08 
30.60 
6.33 
4.95 
4.36 
4.42 
6.19 
5.03 
4.99 
4 .11 
4.34 
5.44 
6,29 
4.98 
4,47 
5,70 
5,18 
5,25 
6.09 
5.24 
5.18 
5.00 
6.33 
4.30 
4.04 
4.07 
4 .81 
6.92 
5.12 
3.57 
4 .28 
4.82 
7.17 
4.76 
5.11 
6.33 
6.45 
4.66 
5.46 
4 .81 
4.77 
4.59 
C D . - h\ 05.159 05.309 03.227 03.227 0.695 0.743 
R.s. = Rhizoctonia solani 
E .p . = Eplcoccum purpurascens 
P .v . = Penicillium vermiculatum 
T.r . = Trichothecium roseum 
T.v. = Trichoderma vlridae 
Each reading is mean of ten replicates in a 
treatment with ten pots in each replicate. 
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Table 4.20 : Changes in growth ol plants of tomato cv 'Pusa Ruby' infestation as a result of 
soil with Epicoccum purpurascens, Penicillium vermiculatym, Trichothecium roseum 
and Tnchoderma v indae in soil together with root knot nematode Meloioogyne 
incognita {w]th or without Rhizoctonla solani). 
Decrease (-)/Increase ( + ) in growth plans 
LCNGlll (cm) FRESH WEIGHT (g) DRY-WEIGHl (g) 
Treatments Inoculation Inoculation Inoculation Inoculation Inoculation Inoculation 
at seed at seed at seed at seed at seed at seed 
germination germination germination germination germination germination 
and and and 
Trans plan- Transplan- Transplan-
tation tatlon tation 
Nematode 
R . £ ;olani 
E. pur purascens 
P. vermiculatum 
T. roseum 
T. v i n d a e 
R . s . 
E . p . 
P . v . 
r.r. 
T . v . 
R . s . 
R . s . 
R . s . 
K.s. 
R.s . 
R . s . 
R . s . 
R._s. 
R . s . 
E . p . 
P . v . 
T . r . 
T . v . 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
_ 
= 
= 
= 
= 
Nematode 
Nematode 
Nematode 
Nematode 
Nematode 
E . £ . 
P . v . 
T . r . 
T . v . 
E . £ . + Nema 
P . v . + Nema 
T . r . + Nema 
^ . v . + Nema 
Rhizoctoraa sc ilara 
-10 .83 
-14 .11 
-11 .48 
-08 .84 
-14 .50 
-09 .53 
-16 .15 
-10 .78 
-02 .20 
+03.54 
-12 .26 
-15 .10 
-06 .22 
-15 .35 
-09 .17 
-09 .11 
-03 .59 
-12 .03 
-13 .86 
Epicoccum purpurascens 
Penicillium vermiculatum 
1 r ichothecium roseum 
Tnchoderma v l n d ae 
- 2 1 . 0 3 
-19 .68 
-15.77 
-19.00 
-00.55 
-05 .44 
-25 .93 
-14.72 
-03 .91 
+03.54 
-18.60 
-11.20 
-16 .37 
-14.32 
-17.98 
-15.09 
-13.75 
-13 .17 
-19.34 
-17 .71 
-24 .00 
-16.12 
-09 .33 
-11 .51 
-10 .58 
-26.47 
-19.59 
-05.95 
-06 .91 
-14.57 
-28 .00 
-20.79 
-15.80 
-06 .48 
+06.46 
-12 .98 
-08.50 
-17.95 
Each read 
treatment 
-30 .72 
-33 .10 
-39 .61 
-20 .72 
-08 .69 
-08 .67 
-43 .27 
-29 .03 
-18 .41 
+16.67 
-25 .90 
-05 .66 
-14 .79 
+01.06 
-21 .68 
-12 .67 
-27 .20 
-10 .65 
-26 .26 
ing IS a mean 
with ten po ts 
-21 .80 
-31 .12 
-30 .17 
- 0 2 . 2 1 
-20 .53 
-21 .16 
-35 .07 
-31 .43 
-14 .06 
-00 .63 
-21 .32 
-29 .38 
-09 .95 
-18 .16 
-17 .06 
-03 .79 
- 1 7 . 2 1 
-18.16 
-21 .01 
of ten 
in each 
-32.07 
-36.17 
-35 .70 
-24 .01 
+09.32 
-19 .11 
-43 .60 
-32 .38 
-23 .85 
+13.27 
-24 .80 
-19 .27 
±00.00 
+01.89 
-26 .38 
-13 .74 
-24 .01 
-24 ,64 
-27 .48 
r e p l i c a t e s In a 
r e p l i c a t e . 
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Roots of tomato cv 'Pusa Ruby' plants grown in 
Fig. 1. Unlnoculated soil 
Fig. 2 . Soil inoculated with nematode (1000 J 2 A g soi l ) . 
Fig. 3 . Rhizoctonia solani (5g/kg soil) + nematode (1000 J 2^^^ 
soi l ) . 
Fig. 4 . Epicoccum purpurascens (5g/kg soil) + nematode (1000 
J2/kg so i l ) . 
Fig. 5. PeniciIlium vermiculatum (5g/kg soil) + nematode (1000 
J^/kg so i l ) . 
Fig. 6. Trlchothecium roseum (5g/kg soil) + nematode (1000 J„/kg 
so i l ) . 
Fig. 7 . Trlchoderma virldae (5g/kg soil) + nematode (1000 Jo^^^ 
so i l ) . 
Fig. 8. R. solani (5g/kg soil) + E. purpurascens (5g/kg soil) 
+ nematode (1000 J2/kg so i l ) . 
Fig. 9. R. solani (5g/kg soil) + P. vermicu latum (5g/kg soil) 
+ nematode (1000 J„/kg so i l ) . 
Fig. 10. R. solani (5g/kg soil) + T. roseum (5g/kg soil) + nematode 
(1000 J2/kg so i l ) . 
Fig. 1 1 . R. solani (5g/kg soil) + T. vi r idae (5g/kg soil) + 
nematodee (1000 J2/kg so i l ) . 
* Plants were inoculated both at germination and 
transplantation stages. 
95 
Table 4.22 : Effect of Infestation of E. purpurascens, P. vermlculatum, T. roseum. T. 
v i r ldae in soil together with root knot nematode Meloidogyne incognita 
(with/without Rhizoctonia solani) on phenolic contents of plants of tomato 
cv 'Pusa Ruby' 
Phenols (mg/100 mg) 0 -d ihydroxy Phenols 
(mg/100 mg) 
Treatments 
Jnlnoculated (check) 
Mematode 
R. solani 
E. purpurascens 
P. vermlculatum 
r . roseum 
r . v i r ldae 
R. solani + Nematode 
E. purpura + Nematode 
P. vermi + Nematode 
T. roseum + Nematode 
r . v i r ldae + Nematode 
R. solani + E. purpurascens 
R. solani + P . vermlculatum 
R. solani + T. roseum 
R. solani + T. v i r idae 
R. s . + E. p . + Nematode 
R. s . + P. V. + Nematode 
R. s . + T. r . + Nematode 
R. B. + T. V. + Nematode 
Inoculation 
at seed 
germination 
0.441 
0.606 
0.559 
0.541 
1.147 
1.201 
0.604 
0.555 
0.589 
0.754 
1.443 
0.614 
0.570 
0.978 
0.828 
0.844 
1.558 
0.910 
0.853 
0.695 
Inoculation 
at seed 
germination 
Transplan-
tation 
0.441 
1.142 
1.103 
0.907 
1.783 
2.296* 
1.709 
0.907 
1.107 
1.740 
2.604* 
1.661 
1.688 
1.901* 
2.039* 
1.327 
1.902 
1.499 
1.561 
1.676 
Inoculation 
a t seed 
germination 
0.113 
0.128 
0.118 
0.119 
0.197 
0.126 
0.120 
0.116 
0.121 
0.128 
0.202 
0.122 
0.113 
0.175 
0.121 
0.126 
0.189 
0.124 
0.124 
0.123 
Inoculation 
at seed 
germination 
Transplan-
tation 
0.113 
0.190 
0.164 
0.165 
0.198 
0.269* 
0.206 
0.128 
0.196 
0.198 
0.283* 
0.195 
0.204 
0.201* 
0.226* 
0.189 
0.208 
0.195 
0.198 
0.179 
;.D. - 5% 0.0418 0.167 0.0119 0.0087 
I' £ • 
^ V . 
r. r . 
f. V. 
Rhizoctonia solani 
Epicoccum purpurascens 
Penlcillium vermlculatum 
Trichothecium roseum 
Trlchoderma v i r ldae 
Each reading Is mean of ten repl ica tes 
in each treatment with ten pots in 
each rep l ica te . 
* Plants indicated improvement 
growth of plants over check. 
In 
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phenylalanine, arglnine, organic acids , fatty acids have been 
reported as contents of root exudates (Rovira, 1965b). 
SuUia (1973) reported that root exudates of Crotolaria 
medica and Cassia tora, stimulated the growth of most of the 
riiizosphere fungi he tested. Tu (1972) also concluded that 
incidence of damping-off caused by Rhizoctonia solani was 
influenced by the nature of root exudates. 
Root exudates also provide nutrients for the growth of 
antagonists in rhizosphere. Rhizosphere and rhizoplane of 
cultivars resistant to diseases harboured more number of 
antagonists than susceptible cultivars (Subba Rao 8 Bailey 1961; 
Mall, 1973; Bourbous a Skoudridakis, 1987). 
The activity of antagonists in soil is more in soil rich 
in nutrients (Baker, 1987). The quality and quantity of nutrients 
influence the establishment of soil fungi including antagonists in 
soil (Toussoun 6 Patrick, 1963). Evidence has also been obtained 
that antagonistic reactions are enhanced under condition of high 
nutrient available that is already available in rhizosphere of 
any plant (Wood a Tveitt, 1955; Baker, 1968; Whipps, 1987). 
Therefore, there is necessity to work out the nutrient 
requirement for various antagonists present in the rhizosphere. 
With this aim in mind, it was considered desirable to study the 
effect of different carbon and nitrogen sources on growth of four 
rhizosphere fungi under study and to determine the efficacy of 
their culture filtrates against root-knot nematode larvae. 
4.4.1 Studies on the effect of eight different carbon and nitrogen 
sources on growth of fungi 
4.4.1.1 Carbon sources 
The growth of E. purpurascens, P. vermicu latum, T. 
vir idae and T. roseum was studied in the media containing 
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different sources of carbon. The results presented in table 4.23 
show that the effect of different carbon sources on growth of 
four fungi var ied . Highest growth of T. vi r idae and T. roseum 
was observed in the medium containing glucose; of E. purpurascens 
in medium containing sucrose and of P. vermiculatum in medium 
containing starch. Least growth of T. v i r idae , T. roseum and 
£ . vermicu la turn was observed in the medium containing ribose 
and that of E. purpurascens in medium containing starch (Table 
4.23). 
4.4.1.2 Nitrogen-souroes 
The growth of E. purpurascens, P. vermicu la turn, T. 
roseum and T. vir idae was determined in the media containing 
different sources of nitrogen. The results presented in table 4.24 
show that fungi differed in nitrogen requirement for optimal 
growth. Highest growth of T. vir idae and T. roseum was observed 
in the medium containing potassium nitrate; of P. vermicu latum 
in the medium containing asparagine and of E. purpurascens in 
medium containing ammonium ni t ra te . It appears that inorganic 
sources of nitrogen supported the growth of most of the fungi 
studied. The growth of the most of the fungi was least in the 
medium containing urea (Table 4.24). 
4.4.2 Effect of culture filtrates of fungi grown can different 
(larbon sources on hatching and mortality of larvae of 
]root-knot nematode (M. incognita) 
4 . 4 . 2 . 1 . Hatching 
There has been no hatching of larvae upto 7 days in 
the 'S ' concentration of culture filtrate of Trichoderma vi r idae 
(Table 4.25; Fig. 25) when grown in media containing different 
carbon sources except in medium containing starch where poor 
hatching was observed after 5 days . Similarly, no hatching was 
observed in 'S ' concentration of culture fil trate of Trichothecium 
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roseum grown In media with different carbon sources upto 7 days 
except in media containing glucose and starch where poor hatching 
was observed after 7 and 5 days respectively (Table 4.26; Fig. 
26). No hatching was also observed in ' S ' concentration of the 
culture fi l trate of Penici Ilium vermicu latum when grown in the 
medium containing different carbon sources except in medium 
containing glucose, rhamnose and starch where poor hatching was 
observed after 5 days in medium containing glucose and starch 
and 7 days in medium containing rhamnose (Table 4.27; Fig. 
27). In ' S ' concentration of Epicoccum purpurascens no hatching 
was seen upto 7 days when the fungus was grown in the media 
containing arabinose, xylose and ribose (Table 4.28; Fig. 28). 
Hatching was poor in 'S ' concentration of the culture filtrate of 
the fungus grown in medium containing remaining carbon sources 
after 5-7 days. The hatching increased with increase in dilution 
of the culture fi l trate of a l l the fungi. Even at S/100 cone, of 
the culture filtrate of these fungi, the hatching was less than 
in distilled water (Tables 4.25-4.28; Fig. 25-28). Least hatching 
in S/100 concentration of culture filtrate of most of the fungi was 
obtained when grown in t he medium containing ribose, except in 
E. purpurascens where least hatching was observed in medium 
containing arabinose in this concentration. However, highest 
hatching in culture fil trate of a l l the fungi was observed when 
grown in the medium containing starch (Tables 4.25-4.28; Fig. 
25-28). 
4 .4 .2 .2 . MortaUty 
Mortality of larvae of M. incognita was almost 100 
percent in 'S ' concentration of the culture filtrate of a l l the fungi 
grown on the media containing different carbon sources. Mortality 
decreased with increase in the dilution of culture f i l t rate . 
However, in a l l the dilutions the mortality was significantly more 
than in distilled water. 
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Table 4.25 : Effect of culture fi l trate of Trlchoderma vi r ldae grown on 
different carbon sources on hatching of larvae of root-knot 
nematode (Meloidogyne incognita) 
Culture fil trate of 
the fungus grown, in 
medium with/dilution 
Cumulative hatch of larvae after (days) 
Sucrose 
Arabinose 
Fructose 
Glucose 
Rhamnose 
Ribose 
Xylose 
Starch 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
s 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
Distilled water 
C D . at 5% 
S 
S/10 
S/100 
St andard 
000.0 
023.3 
056.9 
000.0 
021.7 
053.3 
000.0 
013.3 
039.0 
000.0 
018.3 
053.3 
000.0 
016.3 
048.0 
000.0 
009.7 
023.3 
000.0 
016.7 • 
046.3 
000.0 
029.0 
073.3 
156.0 
001.009 
000.0 
048.3 
103.0 
000.0 
050.0 
089.3 
000.0 
033.3 
067.3 
000.0 
043.3 
086.7 
000.0 
043.3 
078.0 
000.0 
016.7 
059.7 
000.0 
036.7 
073.3 
000.0 
041.7 
117.0 
333.7 
003.407 
000.0 
086.7 
274.9 
000.0 
083.3 
263.3 
000.0 
056.7 
133.3 
000.0 
075.0 
243.3 
000.0 
068.7 
186.0 
000.0 
033.3 
116.7 
000.0 
063.3 
159.0 
001.0 
088.3 
235.0 
546.3 
004.793 
000.0 
146.6 
493.4 
000.0 
133.4 
477.7 
000.0 
113.3 
366.7 
000.0 
123.3 
446.3 
000.0 
126.6 
403.7 
000.0 
083.3 
260.0 
000.0 
116.0 
390.0 
002 
193 
542 
,3 
,3 
,6 
773.3 
005.350 
(010 percent) 
(001 percent) 
Each figure is mean of ten replicates of 
each treatment. Each replicate with ten 
petr iplates containing ten egg masses. 
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Table 4.26 : Effect of culture fi l trate of Trichothecium roseum grown on 
different carbon sources on hatching of larvae of root-knot 
nematode (Meloidogyne incognita). 
Culture f i l trate of 
the fungus grown in 
medium with/dilution 
Cumulative hatch of larvae after (days) 
Sucrose 
Arabinose 
Fructose 
Glucose 
Rhamnose 
Ribose 
Xylose 
Starch 
/ S 
S/10 
S/100 
/ S 
S/10 
S/100 
/ s 
s/10 
s/100 
/ s 
s/10 
s/100 
/ s 
s/10 
s/100 
/ s 
s/10 
s/100 
/ s 
s/10 
s/100 
/ s 
s/10 
s/100 
Distilled water 
C D . at 5% 
000.0 
023.9 
066.0 
000.0 
016.3 
056.7 
000.0 
016.7 
063.3 
000.0 
020.0 
066.7 
000.0 
013.6 
040.0 
000.0 
013.3 
013.3 
000.0 
013.9 
066.0 
000.0 
033.4 
130.0 
166.7 
002.019 
000.0 
036.3 
123.1 
000.0 
037.7 
099.3 
000.0 
033.0 
126.0 
000.0 
043.3 
136.3 
000.0 
038.0 
073.3 
000.0 
036.6 
050.0 
000.0 
036.3 
123.1 
000.0 
080.0 
203.6 
243.3 
002.403 
000.0 
186.6 
340.9 
000.0 
083.7 
186.3 
000.0 
098.7 
303.3 
000.0 
106.7 
326.3 
000.0 
076.7 
139.9 
000.0 
073.3 
110.0 
000.0 
096.6 
240.0 
002.3 
193.3 
466.6 
746.7 
003.260 
000.0 
356.3 
593.7 
000.0 
203.0 
419.3 
000.0 
233.3 
490.0 
002.3 
246.7 
506.7 
000.0 
166.3 
245.0 
000.0 
150.0 
170.0 
000.0 
196.3 
443.7 
005.3 
363.3 
733.4 
963.4 
005.295 
S = Standard (100 percent) 
S/10 = (010 percent) 
S/100 = (001 percent) 
Each figure is mean of ten replicates of 
each treatment. Each repl icate with ten 
petr iplates containing ten egg masses. 
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Table 4.27 : Effect of culture filtrate of Penicilllum vermlcu latum grown on 
different carbon sources on hatching of larvae of root knot 
nematode (Meloidogyne incognita) 
Culture fi l trate of 
the fungus grown in 
medium with/dilution 
Cumulative hatch of larvae after (days) 
Sucrose 
Arabinose 
Fructose 
Glucose 
Rhamnose 
Ribose 
Xylose 
Starch 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
S 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
Distilled water 
C D . at b% 
S 
S/10 
S/100 = 
St andard 
000.0 
039.3 
079.7 
000.0 
036.7 
073.7 
000.0 
033.6 
071.6 
000.0 
053.3 
090.0 
000.0 
040.3 
076.3 
000.0 
029.3 
069.7 
000.0 
033.3 
073.3 
000.0 
093.3 
120.0 
363.3 
002.272 
000.0 
132.2 
277.0 
000.0 
123.3 
286.0 
000.0 
121.7 
256.0 
000.0 
156.3 
341.7 
000.0 
130.0 
276.7 
000.0 
105.3 
223.9 
000.0 
126.7 
273.3 
000.0 
186.7 
370.0 
683.3 
003.380 
000.0 
287.7 
470.0 
000.0 
289.9 
432.0 
000.0 
233.6 
393.3 
001.6 
303.3 
546.6 
000.0 
303.3 
470.3 
000.0 
220.0 
376.6 
000.0 
243.3 
398.3 
002.3 
378.7 
676.6 
926.6 
003.799 
000.0 
502.6 
948.3 
000.0 
490.0 
923.4 
000.0 
420.6 
812.4 
004.3 
620.0 
953.3 
005.7 
493.3 
923.3 
000.0 
393.3 
652.0 
000.0 
436.7 
916.7 
005.7 
643.3 
1053.3 
1133.4 
003.067 
(010 percent) 
(001 percent) 
Each figure is mean of ten replicates of 
each treatment. Each replicate with ten 
petr iplates containing ten egg masses. 
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Table 4.28 : Effect of culture fil trate of Epicoccum purpurascens grown on 
differ-ent carbon sources on hatching of larvae of root knot 
nematode (Meloidogyne incognita) 
Culture fi l trate of 
the fungus grown in 
medium with/dilution 
Cumulative hatch of larvae after (days) 
Sucrose 
Arabinose 
Fructose 
Glucose 
Rhamnose 
Ribose 
Xylose 
Starch 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
S 
S/10 
S/100 
S 
S/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
Distilled water 
C D . at 5% 
S 
8/10 
S/100 = 
St ;andarc 
000.0 
067.3 
087.0 
000.0 
033.3 
093.3 
000.0 
046.7 
083.3 
000.0 
070.0 
093.3 
000.0 
046.7 
063.3 
000.0 
040.9 
083.6 
000.0 
066.7 
093.3 
000.0 
068.0 
103.3 
363.3 
002.635 
000.0 
143.3 
196.7 
000.0 
080.0 
165.3 
000.0 
118.0 
223.3 
000.0 
156.3 
255.0 
000.0 
103.3 
126.6 
000.0 
111.9 
200.0 
000.0 
130.0 
193.3 
000.0 
186.7 
276.7 
683.3 
003.154 
000.0 
259.0 
596.0 
000.0 
186.7 
353.4 
000.0 
246.7 
560.0 
000.0 
283.0 
616.3 
000.0 
236.7 
423.4 
000.0 
220.3 
525.6 
000.0 
213.0 
433.4 
001.3 
341.0 
688.9 
926.6 
003.769 
001.6 
376.0 
733.3 
000.0 
330.0 
650.0 
002.0 
333.0 
716.0 
002.3 
395.7 
785.0 
003.3 
363.3 
683.4 
000.0 
302.2 
690.0 
000.0 
356.7 
666.7 
004.0 
447.3 
930.0 
1113.4 
004.785 
(010 percent) 
(001 percent) 
Each figure is mean of ten replicates of 
each treatment. Each replicate with ten 
petr iplates containing ten egg masses. 
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The mortality of larvae Increased with increase in 
duration of exposure of larvae to the culture f i l t ra te . Highest 
mortality of larvae (after seven days) in S/100 concentration of 
culture filtrate of T. roseum, T. vir idae and P. vermicu latum 
was observed when grown in the medium containing ribose and 
of E. purpurascens grown in arabinose. The least mortality of larvae 
in S/100 concentration of culture filtrate of all these four fungi 
was observed when these were grown in medium containing s tarch , 
rt is clear from the foregoing that the culture filtrate of four 
fungi grown in eight different carbon sources separately affected 
the mortality of larvae to a varying degree. Mortality was highest 
in culture filtrate of T. v i r idae , T. roseum and P. vermicu latum 
in medium containing ribose and E^ , purpurascens in medium 
containing arabinose (Table 4.29-4.32; Fig. 29 a a b - 32 a 6 b ) . 
4.4.2.3 Phenolic contents of the culture filtrates of Eplcoccum 
purpurascens, Penlcl Ilium vermicu la turn, Trlchothedum 
roseum and Trichoderma viridae as Influenced by eight 
different carbon sources 
Production of phenols was highest in the culture filtrate 
of T. v i r idae , T. roseum and P. vermicu la turn when grown in 
media containing ribose and of E. purpurascens in the medium 
containin,g arabinose. The production of orthodihydroxy phenols 
was highest in the culture fil trate of P. vermicu latum ' grown in 
the medium containing ribose; of T. vir idae and T. roseum when 
grown in media containing arabinose; of E. purpurascens when 
grown in the medium containing rhamnose (Table 4.33). 
It appears that , by and large, the culture filtrates of 
fungi grown in ribose containing medium were more effective in 
reducing hatching and increasing mortality of larvae of root-knot 
nematode. 
The phenol content of culture filtrates was highest in 
the culture filtrates of the fungi grown in the media containing 
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Table 4.29 : Effect of culture filtrate of Trlchoderma vlr ldae grown on different 
carbon sources on mortality of larvae of root knot nematode 
(Meloidogyne incognita). 
culture fi l trate of 
the fungus grown in 
medium with/dilution 
Mortality (%) after (days) 
Sucrose 
Arabinose 
Fructose 
Glucose 
Rhamnose 
Ribose 
Xylose 
Starch 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
Distilled water 
C D . at 5% 
74.5 
26.1 
17.2 
75.9 
27.1 
20.0 
79.3 
32.8 
25.0 
71.2 
27.6 
20.6 
78.6 
29.4 
22.2 
84.0 
33.9 
30.0 
79.7 
30.2 
22.5 
69.7 
24.5 
15.6 
00.0 
00.957 
83.3 
33.0 
21.7 
87.8 
33.6 
23.5 
89.5 
47.5 
29.5 
87.6 
34.8 
25.3 
94.7 
36.2 
26.0 
100.0 
49.5 
34.6 
84.8 
36.3 
28.6 
81.3 
29.8 
19.4 
00.0 
01.041 
90.0 
43.3 
23.2 
97.6 
45.6 
24.9 
100.0 
59.9 
33.3 
98.0 
56.7 
26.7 
100.0 
58.2 
27.8 
100.0 
62.9 
37.9 
100.0 
59.5 
29.1 
91.6 
40.1 
20.9 
01.6 
01.168 
100.0 
55.7 
25.0 
100.0 
58.3 
27.1 
100.0 
74.3 
39.3 
100.0 
67.9 
29.6 
97.6 
69.6 
33.3 
100.0 
79.8 
42.7 
100.0 
70.3 
36.3 
100.0 
52.4 
22.7 
03.0 
01.21 
S = standard (100 percent) 
s/10 = (010 percent) 
S/100 = (001 percent) 
Each figure is mean of ten replicates of 
each treatment. Each replicate with ten 
petriplates containing hundred larvae. 
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Fig. 29 a Regression lines showing the linear 
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viridae grown on medium ccHitaining 
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incognita. 
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no 
Ribose + Y=56-3702.81(X-1.5) 
Xylose o Y=52.A0*32 50{X-15) 
Rhamnose o Y =51. A7*32 73{X-1.5) 
- Starch Y =Z.A.52O2 07(X-1.5) 
S/100 S/lO 
Concentration of culture filtrote 
Fig 29 b Regression lines showing the linear relationship of 
different dilutions of culture filtrate of Tridioderma 
viridae grown on medium containing different carbon 
sources, with mortality of larvae of Meloidogyne 
incognita. 
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Table 4.30 : Effect of culture filtrate of Trichothecium roseum 
different 
nematO(ie 
Culture f i l t r a t e of 
the fungus grown in 
medium wi th /d i lu t ion 
Sucrose 
Arabinose 
Fructose 
G lucose 
R ham nose 
Ribose 
Xylose 
S tarch 
Dis t i l l ed w 
C D . at 5% 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
S/100 
s 
s/10 
s/100 
s 
S/10 
s/100 
s 
s /10 
s/100 
a t e r 
carbon sources 
(Meloidogyne incc 
2 
70.7 
26.7 
15 .1 
79.9 
28.7 
23.7 
76.1 
27.7 
20.7 
73.3 
27 .1 
19.5 
84.0 
29 .1 
28.7 
86.7 
32 .1 
25.0 
74.8 
28 .1 
21.6 
71.7 
24.8 
14.4 
00.0 
00.937 
on morta l i ty 
)gnita). 
Mortal i ty {%) 
3 
87.4 
28.8 
19.2 
96.2 
45.4 
28.0 
86.2 
42 .1 
23.9 
85.0 
39.9 
20.2 
100.0 
47.8 
32.2 
100.0 
47.9 
37.5 
88.0 
43.5 
24.7 
82.5 
26.9 
15.5 
00.0 
01.041 
of l a rvae of 
a f te r ( days ) 
5 
94.5 
41.6 
20 .8 
100.0 
58.9 
31 .8 
96 .1 
56.6 
26 .1 
92.4 
52.5 
23 .1 
100.0 
59.9 
35.9 
100.0 
63.5 
40 .2 
98.9 
57 .3 
28.5 
90.7 
38 .9 
17.4 
01 .7 
01.158 
root knot 
7 
100.0 
52.8 
25.9 
100.0 
72.3 
35.4 
100.0 
65.9 
32.9 
100.0 
64.6 
30.4 
100.0 
73.6 
39 .1 
100.0 
76.7 
41.5 
100.0 
67.8 
32.9 
100.0 
50.3 
21 .1 
03.9 
01.282 
S = standard (100 percent) 
S/10 = (010 percent) 
S/100 = (001 percent) 
Each figure is mean of ten replicates of 
each treatment. Each replicate with ten 
petriplates containing hundred larvae. 
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Arobinose 
- • - Fructose 
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+ Y.52 91*3250 (X-1 5) 
o Ys5069+3212 (X-1 5) 
© Y = A9.74-«-32 23 (X-1 5) 
• Y = <,5 66 +31 51 (X -1 5) 
( - ) 
10"-
w 
~. 
1 1 
S/100 S/10 
Concen t ra t i on of cul ture f i l t ra te 
Fig 30 a Regression lines showing the linear relationship of 
different dilutions of culture filtrate of Trlchothectum 
roseum grown on medium containing different carbon 
sources, with mortality of larvae of Meloidogyne 
incognita. 
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110 r 
Ribose + Yr 5 5 5 * + 3 2 33(X-1.5) 
- - Rhomnose o Y= 54.16 + 32.27(X-1,5) 
© Y= 51. l6t32.30{X-1.5) 
• Y= 43.84+3l.73(X-1.5) 
Xylose 
- Starch 
S/100 S/10 
Concentration of culture fi ltrate 
Fig 30 b Reigresslon lines showing the linear relationship of 
different dilutions of culture filtrate of Trichothedum 
roseum grown on medium containing different carbon 
sources, with mortality of larvae of Meloidogyne 
incognita. 
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Table 4 .31 : Effect of culture filtrate of PeniciIlium vermiculatum grown on 
different carbon sources on mortality of larvae of root knot nematode 
(Meloidogyne incognita) 
Culture filtrate ol 
fungus grown in the 
medium with/dilution 
Mortality (%) after (days) 
Sucrose 
Arabinose 
Fructose 
Glucose 
Rhamnose 
Ribose 
Xylose 
S ta rch 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
Dis t i l l ed water 
C D , at 5% 
69.2 
18.7 
13.2 
73.0 
20.9 
15.6 
78.6 
23.3 
17.4 
67.6 
18.2 
12.5 
74.7 
19.0 
15 .1 
81.3 
25.3 
19 .1 
75 .1 
21.9 
16.9 
60.9 
13 .8 
09 .5 
00.0 
01.230 
78.9 
21.7 
16.9 
84 .1 
34.2 
18.9 
89.6 
36.2 
20.6 
77.0 
20.4 
15.4 
82.4 
22.6 
17 .3 
92.0 
38.9 
24.4 
88.3 
35.0 
19.2 
75.7 
26.6 
13.2 
01.4 
01.121 
92 .3 
36.2 
20 .3 
95.6 
49 .5 
23.5 
96.2 
51.4 
26.2 
86.9 
35.6 
19.6 
89.0 
37.7 
21 .1 
98.6 
53.7 
28 .3 
96.4 
49 .9 
24.0 
84 .1 
30.5 
15.3 
02 .5 
01.561 
100.0 
48.3 
23.6 
100.0 
61.8 
27 .1 
100.0 
64.1 
29.8 
100.0 
46.2 
20.9 
100.0 
49.9 
24.3 
100.0 
68.0 
32 .3 
100.0 
62.2 
27.6 
91.2 
44.2 
18.3 
03.4 
01.176 
S = standard (100 percent) 
S/10 = (010 percent) 
S/100 = (001 percent) 
Each figure is mean of ten replicates of 
each treatment. Each replicate with ten 
petr iplates containing hundred larvae. 
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Penic i l l ium v e r m i c u l o t u m 
;^  60 -
Fructose + Y r 49.32*32.41 {X-1.5) 
Arobinose o Y = 46.07•32A5(K-V5) 
Sucrose © Y = 43.57*31.55(X-1.5) 
Glucose • Y = 42.63*31.51(X-1.5) 
S/100 S/10 
Concentrotion o1 cu\ture1iUrQte 
Fig 31 a Regression lines showing the linear relaticmship of 
different dilutions of culture filtrate of Penicilllug 
vermiculatum grown on medium containing different 
carbon sources, with mortality of larvae of Meloidogyne 
incognita. 
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l l O r 
Ribose + Y=5093*3255{X-15) 
- - Xylose o Y=48 30*32A4(X-1 5) 
Rhomnose o Y:A4 A0*31 54(X-1 5) 
Starch • Y = 39 2701 57(X-1 5) 
S/100 S/10 S 
Concentration o1 culture Mtrate 
Fig 31b Regression lines showing the linear relationship of 
different dilutions of culture filtrate of Penici Ilium 
verrolcu latum grown on medium containing different 
carbon sources, with mortality of larvae of Meloidogyne 
Incognita. 
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Table 4 . 32 : Effect ot culture fil trate of Epicoccum purpurascens grown on 
different carbon sources on mortality of larvae of root knot 
nematode (Meloidogyne incognita). 
Culture of fil trate 
of the fungus grown in 
medium with/dilution 
Mortality (%) after (days) 
Sucrose 
Arabinose 
Fructose 
G lucose 
Rhamnose 
Ribose 
Xylose 
Starch 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
Distilled water 
C D . at 5% 
58.9 
12.1 
06.6 
67.0 
14.6 
08.0 
63.8 
12.7 
08.0 
59.0 
12.3 
07.6 
71.2 
13.9 
13.9 
66.5 
13.2 
08.8 
70.3 
13.6 
09.9 
53.3 
11.3 
05.1 
00.0 
01.237 
71.9 
27.4 
14.2 
87.0 
39.1 
20.8 
82.7 
30.7 
17,9 
76.3 
29.1 
14.4 
83.3 
35.3 
20.4 
81.0 
33.0 
19.6 
89.1 
33.1 
20.0 
68.0 
25.9 
11.7 
00.0 
01.194 
92.3 
31.0 
16.6 
96.9 
46.0 
24.6 
93.8 
42.9 
19.7 
90.1 
32.3 
17.6 
96.0 
45.7 
23.2 
94.7 
44.8 
21.6 
96.3 
45.4 
22.5 
89.9 
28.6 
14.9 
01.4 
01.137 
96.0 
45.9 
22.8 
100.0 
65.0 
33.6 
100.0 
59.8 
25.3 
97.6 
47.6 
23.3 
100.0 
64.0 
31.2 
100.0 
61.5 
26.3 
100.0 
63.1 
28.3 
94.5 
43.6 
20.8 
03.6 
01.o; 
S = standard (100 percent) 
S/10 = (010 percent) 
S/100 = (001 percent) 
Each figure is mean of ten replicates of 
each treatment. Each replicate with ten 
petriplates containing hundred larvae. 
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n O r 
100 - Epicoccum purpuroscens 
Arobinose + Y = 50 55+32.05 (X-1 5) 
Fructose o Y = 4 7 1 7 + 32.36 (X-1.5) 
© Y =43 02+31 34 (X -1 . 5) 
• Y =42 .07+30 .02(X-1 .5 ) 
Glucose 
Sucrose 
S/100 S/10 
Concentration of culture filtrote 
lO*-
Fig 32 Q Regression lines showing the linear relationship of 
different dilutions of culture filtrate of Epicoccum 
purpurascens grown on medium containing different 
carbon sources, with mortality of larvae of Meloidogyne 
incognita. 
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n O r 
100 - Epicoccum purpuroscens 
Rhamnose + Y= 49.7*32.20(X-1.5) 
Xylose o Y=48.75*32.40(X-15) 
Ribose o Y= 47*5*32 50(X-1.5) 
Starch • Y= A0.62*29.55 (X-1.5) 
S/100 S/10 S 
Concentration of culture f i l t rate 
Fig 32 b Regression lines showing the linear relationship of 
different dilutions of culture filtrate of Epicoccum 
purpurasoens grown on medium containing different 
carbon sources, with mortality of larvae of Meloidogyne 
incognita. 
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the carbon sources which Inhibited the hatching most. The 
mortality of larvae was also high in culture fi l trate obtained by 
fungi grown in the media containing carbon sources which were 
having higher amount of phenols. 
It is Interesting to note that growth of a l l the fungi 
except E. purpurascens was least in media containing carbon 
sources which supported highest production of phenols in the 
culture fil trate. The hatching of larvae of M. incognita was least 
in culture filtrates of fungi, by and large, grown in r ibose . 
Similarly, the mortality of larvae was more in the culture 
filtrates of fungi grown in r ibose . The culture fi l trates having 
ribose had high phenolic content. 
4.4.3 Effect of culture filtrates of fungi grown on different 
nitrogen sources on hatching and mortality of larvae of 
root-knot nematode (M. Incognita) 
4.4.3.1 Hatching (Tables 4.34-4.37; Fig. 33-36). 
There has been no hatching of larvae at al l the intervals 
in standard concentration(S) of culture filtrates of most of the 
fungi, when grown on the media containing different nitrogen 
sources, except In the 'S ' concentration of the culture filtrates 
of al l the fungi grown in medium containing urea; and also of 
E. purpurascens, P. verm leu la turn and T. roseum grown in the 
medium containing ammonium ni t ra te . 
There has been Increase In the hatching of larvae with 
dilution of the culture filtrate and with increase in duration of 
exposure. 
The hatching was most adversely affected In the culture 
filtrate of T. v l r idae , E. purpurascens grown in the medium 
containing lysine and T. roseum grown in glycine and P. 
vermlculatum grown in medium containing methionine. 
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Table 4 .34 • • Effect of culture fil trate of Trichod 
nitrogen sources on hatching of 
(Meloidogyne incognita) 
Culture filtrate of 
the fungi/dilution 
KNO3 
4 3 
(N"4^2^°4 
Asparagine 
Glycine 
Lysine 
Methionine 
Urea 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
S/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
Distilled water 
C D . at 5% 
S 
S/10 
S/100 
Standard 
» 
(100 
(010 
(001 
erma vir idae 
larvae of 
Cumulative hatch of 
2 
000.0 
023.3 
056.9 
000.0 
016.7 
045.4 
000.0 
013.3 
033.3 
000.0 
016.3 
036.7 
000.0 
009.3 
028.3 
000.0 
006.7 
026.7 
000.0 
007.7 
023.3 
000.0 
026.7 
058.3 
136.7 
001.341 
percent) 
percent) 
percent) 
3 
000.0 
048.3 
103.0 
000.0 
045.3 
090.0 
000.0 
036.7 
073.3 
000.0 
041.7 
112.9 
000.0 
016.3 
053.7 
000.0 
010.0 
046.6 
000.0 
019.0 
048.0 
000.0 
067.6 
130.0 
186.7 
002.619 
gro 
root-
larvae after 
5 
000.0 
086.7 
274.9 
000.0 
083.3 
246.6 
000.0 
063.3 
220.0 
000.0 
076.0 
259.7 
000.0 
046.3 
180.0 
000.0 
039.6 
173.3 
000.0 
051.7 
193.3 
000.0 
098.3 
355.7 
656.7 
005.146 
wn on different 
-knot nematode 
(days) 
7 
000.0 
146.6 
493.4 
000.0 
128.6 
490.0 
000.0 
130.0 
400.0 
000.0 
165.0 
476.7 
000.0 
094.0 
353.3 
000.0 
056.7 
296.6 
000.0 
113.7 
360.0 
003.3 
186.3 
583.7 
930.0 
007.204 
Each figure is mean of ten replicates of 
each treatment. Each replicate with ten 
petr iplates containing ten egg masses. 
125 
k\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\-m 
\\\\\v\v\\\\v\\\\\\\\\\\\\\\\\\\\\\\\\\\w 
\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ ^ 
Y/////////////A 
v///////mmm^ 
I . . 1 1 1 1 1 1 1 "^^^^^s^m 
\\v\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\v\\vv\\^ 
v//////////////////m^A 
.\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\w^ 
V//////////////////////A 
^\\\\\\\\\\\\\\\^\\^\\\\v\\\\\\\\\\\\\\\\T 
2 
(D 
CD 
a 
Ot) 
3 
CO 
^ ^ ^ ^ ^ ^ ^ S S ^ ^ ^ I 
V//////////////////y 
"m^^^^^^m^^mmmm^^^m^ i 
o o s o o o 
(%) fti|(p)iK{ \s\ aofpnpaH 
a 
o 
a 
•o 
o 
o 
tf). 
§ 
3 
g 
o 
CO-
05-
O 
2 " 
8 | . 
^ b CO 
« fl) * * 
» ^ If 
s a 
,11 
<S BO 
<H 3 Z 
° I 
u -IH o 
CO 
a 
E 
Is 
11 
3 • 
to c 
is 
< . 
Si I" 
£ >> 
3 » 
"S ^ C J O 
E . | g 
u 
« >, 
1-4 
2 » 
E ^ 
£8 
- s 
z o 
a 
3 < 
s * 
B 
•^ _ 
o a 
a, CO 
< 
H 
•r i CD 
z x: 
• a 
a, to 
00 
126 
Table 4.35 • Effec t of 
nitrogen ! 
(Meloidogy 
Culture f i l t r a t e of 
ine lungi/ a 
KNO3 
NH.NO, 4 3 
(NH^)2S04 
^sparagine 
Glycine 
Lysine 
Methionine 
Urea 
Dis t i l led w 
C D . at 5% 
S 
S/10 
S/100 
X XU 
/ 
/ 
/ 
/ 
/ 
/ 
1 
1 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
S/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
ater 
Standard (100 
(010 
(001 
culture filtrate ot Trichothecium 
sources on 
'ne incognita) 
roseum 
hatching ol larvae of 
Cumulative hatch of 
2 
000.0 
023.9 
066.0 
000.0 
033.3 
079.0 
000.0 
031.7 
059.3 
000.0 
030.0 
076.7 
000.0 
026.6 
036.7 
000.0 
023.3 
067.0 
000.0 
026.7 
063.3 
000.0 
041.3 
089.7 
166.7 
001.826 
percent) 
percent) 
percent) 
3 
000.0 
036.3 
123.1 
000.0 
110.0 
166.6 
000.0 
073.7 
120.0 
000.0 
100.0 
157.6 
000.0 
056.6 
103.3 
000.0 
086.6 
196.6 
000.0 
103.7 
107.0 
000.0 
130.0 
193.3 
243.3 
002.944 
Each figure is 
grown on different 
root-
larvae after 
5 
000.0 
186.6 
340.9 
000.0 
256.7 
348.3 
000.0 
119.0 
233.7 
000.0 
257.4 
300.0 
000.0 
126.6 
171.3 
000.0 
130.0 
280.0 
000.0 
208.7 
296.7 
000.0 
237.7 
429.0 
666.7 
003.564 
mean of ten 
•knot nematode 
(days) 
7 
000.0 
. 356.3 
593.7 
002.3 
350.0 
543.7 
000.0 
286.7 
499.0 
000.0 
326.0 
526.7 
000.0 
260.0 
400.0 
000.0 
273.4 
513.3 
000.0 
279.7 
530.0 
004.3 
383.3 
650.0 
876.7 
006.421 
replicates of 
each treatment. Each replicate with ten 
petriplates containing ten egg masses. 
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Table 4.3 6 : Effect of culture filtrate of Penlci Ilium verm icu latum grown on 
diffejrent nitrogen sources on hatching of larvae of root-knot 
nematode (Meloidogyne incognita) 
Culture filtrate of 
the fungus dilution 
Cumulative hatch of larvae after (days) 
KNO. / S 
S/10 
S/100 
NH NO, / S 
^ "^  S/10 
S/100 
(NH^)2S04 
Asparagine 
Glycine 
Lysine 
Methionine 
Urea 
/ 
/ 
/ 
/ 
/ 
/ 
s 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
Distilled water 
C D . at 5% 
S 
S/10 
S/100 
SI :andarc 
000.0 
039.3 
097.7 
000.0 
036.3 
081.7 
000.0 
020.0 
069.6 
000.0 
040.0 
083.3 
000.0 
033.7 
073.3 
000.0 
036.7 
073.6 
000.0 
016.7 
063.3 
000.0 
043.3 
086.0 
213.3 
00 2.048 
000.0 
132.2 
277.0 
000.0 
190.0 
346.7 
000.0 
111.6 
250.0 
000.0 
147.0 
328.7 
000.0 
106.3 
296.0 
000.0 
117.3 
293.6 
000.0 
086.7 
186.6 
000.0 
156.7 
333.3 
463.4 
004.471 
000.0 
287.7 
470.0 
000.0 
236.0 
433.7 
000.0 
153.3 
356.0 
000.0 
233.3 
427.7 
000.0 
207.0 
370.0 
000.0 
208.0 
386.3 
000.0 
130.0 
315.6 
000.0 
293.3 
510.7 
723.3 
0C6.393 
000.0 
502.6 
948.3 
002.3 
536.0 
891.7 
000.0 
296.3 
563.3 
000.0 
423.6 
810.0 
000.0 
326.0 
620.3 
000.0 
373.3 
750.0 
000.0 
226.7 
470.0 
006.7 
566.3 
960.0 
1076.7 
007. 752 
(010 percent) 
(001 percent) 
Each figure is mean of ten replicates of 
each treatment. Each replicate with ten 
petriplates containing ten egg masses. 
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Table 4. 37 
Culture fill 
the fungus 
KNO3 
NH NO 
4 3 
(NH ) SO 
4 2 4 
Asparagine 
Glycine 
Lysine 
Methionine 
Urea 
• Effect of 
different 
nematode 
:rate of 
dilution 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
Distilled water 
C D . at 5% 
S 
S/10 
S/100 
Standard (100 
(010 
(001 
culture 
nitrogen 
(Meloidogy 
2 
000.00 
067.3 
087.0 
000.0 
076.0 
109.7 
000.0 
073.3 
096.6 
000.0 
040.9 
083.6 
000.0 
056.7 
073.3 
000.0 
033.3 
053.3 
000.0 
036.7 
061.3 
000.0 
086.7 
136.7 
363.3 
00 2.414 
percent) 
percent) 
percent) 
filtrate of 
sources on 
ne incognita) 
Epicoccum purpurascens grown on 
hatching of larvae of root-knot 
Cumulative hatch of 
3 
000.0 
143.3 
196.7 
000.0 
186.3 
386.3 
000.0 
180.7 
210.0 
000.0 
111.9 
198.0 
000.0 
106.6 
220.0 
000.0 
072.9 
186.7 
000.0 
080.0 
193.3 
000.0 
193.6 
409.0 
683.3 
004.155 
larvae after 
5 
000.0 
259.0 
596.0 
000.0 
346.3 
736.7 
000.0 
303.3 
666.7 
000.0 
220.3 
525.5 
000.0 
303.6 
543.3 
000.0 
173.3 
379.9 
000.0 
196.3 
410.0 
004.0 
369.0 
833.3 
926.6 
005.492 
(days) 
7 
000.0 
376.0 
733.3 
003.6 
470.0 
936.0 
000.0 
426.7 
886.7 
000.0 
302.3 
690.0 
000.0 
316.7 
730.0 
000.0 
286.7 
537.9 
000.0 
313.0 
589.7 
009.3 
473.3 
1013.0 
1233.4 
-007.126 
Each figure is mean of ten replicates of 
each treatment. Each replicate with ten 
petriplates containing ten egg masses. 
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4.4.3.2 Mortality (Tables 4.38-4.41; Fig. 3 7 a 6 b - 4 0 a a b ) 
Highest mortality of larvae was observed in S (100%) 
cxDncentration of the culture fi l trates of a l l the fungi containing 
different nitrogen sources. The mortality decreased with increase 
in the dilution of culture filtrates of all the fungi. Even in S/100 
concentration of the culture f i l trate, the mortality was 
significantly more than in disti l led water. 
The mortality, however, increased with the increase 
in duration of the exposure. The mortality of larvae of root-knot 
nematode in S/100 concentration of T. vir idae and E. purpurascens 
was highest when grown in the medium containing lysine; of T. 
roseum in the medium containing glycine and that of P . 
verm icu la turn in the medium containing methionine. 
4 . 4 . 3 . 3 . Phenolic content of the culture filtrates of Epicoccum 
purpurascens, Penicl Ilium vermicu latum, Trichotheclum 
roseum and Trlchoderma viridae as influenced by eight 
different nitrogen sources 
Lysine in the medium supported highest production of 
phenols in the culture filtrate of T. vir idae and E. purpurascens; 
glycine in the culture filtrate of T. roseum and methionine in 
that of P. vermicu la turn. The concentration of ortho-dihydroxy 
phenols was highest in the culture fil trate of E. purpurascens 
when grown in medium containing lysine, P . vermicu latum in the 
medium containing glycine and T. roseum when grown in medium 
containing methionine (Table 4.42) . 
It is evident from the above that culture fi l trates of 
fungi having higher concentration of phenols were toxic to 
nematodes, resulting in poor hatching and higher mortality of 
larvae. The culture filtrates of T. vi r idae and E. purpurascens, 
grown in medium containing lysine, were not only toxic to 
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Table 4. 38 : Effect of culture filtrate of Trlchoderma virldae grown on different 
nitrogen sources on mortality of larvae of root knot nematode 
(Meloidogyne incognita). 
Culture filtrate of 
the fungus grown in 
medium with/dilution 
Mortality {%) after (days) 
KNO, S 
S/10 
S/100 
69.9 
26.1 
16.3 
78.6 
32.0 
20.5 
83.7 
43.0 
21.6 
100.0 
54.7 
24.8 
NH NO^ 4 3 S S/10 
S/100 
73.4 
26.1 
17.2 
81. 
32. 
21. 
89.8 
43.8 
23.2 
100.0 
57.7 
26.5 
{NH^)2S04 S 
S/10 
S/100 
77.3 
29.7 
18.4 
88.7 
31.7 
23.9 
100.0 
44.7 
27.6 
100.0 
65.2 
34.9 
Asparagine S 
S/10 
S/100 
81.8 
30.7 
20.7 
100.0 
39.5 
28.1 
100.0 
53.0 
31.7 
100.0 
62.2 
33.4 
Glycine S 
S/10 
S/100 
77.0 
31.1 
19.2 
93.4 
44.8 
23.9 
100.0 
56.9 
30.0 
100.0 
73.8 
37.4 
Lysine S 
S/10 
S/100 
83.2 
32.0 
20.0 
96.0 
46.7 
24.3 
100.0 
69.4 
33.7 
100.0 
75.9 
42.7 
Methionine S 
S/10 
S/100 
71.8 
30.0 
18.9 
86.7 
43.2 
21.8 
100.0 
55.4 
29.6 
100.0 
71.9 
35.9 
Urea S 
S/10 
S/100 
68.7 
24.5 
14.9 
78.3 
27.8 
15.7 
84.9 
40.0 
17.7 
100.0 
51.1 
20.5 
Distilled water 
C D . at 5% 
00.0 
01.085 
00.0 
01.101 
02.5 
01.155 
03.5 
01.294 
S = Standard (100 percent) 
S/10 = {010 percent) 
S/100 = (001 percent) 
Each figure is mean of ten replicates of 
each treatment. Each replicate with ten 
petr iplates containing hundred larvae. 
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110 
(NH4)250/, +Y= 5 0 . 9 O 1 . 9 8 ( X - 1 . 5 ) 
Asporagine oY= A9.77*31.83 (X-1.5) 
NH4NO3 0 Y = 46.93O2.03(X-1.5) 
KNO3 • Y= A5.75'31 9A(X-1 5) 
S/100 S/10 
Concentration 0I culture tiltrate 
Fig. 37a Regression lines showing the linear relationship of 
different dilutions of culture filtrate of Trichoderma 
vliidae grown on mediuai containing different nitrogen 
sources, with mortality of larvae of Meloidogyne 
incognita. 
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- Lysine + Y = 55,52*32.27 (X-l 5) 
Glycine o Y = 53 68*32 59(X-1 5) 
- Methionine © Y= 52 83*32 55 {X-1.5) 
- Urea • Y= 43 .77» 32.01(X-1 5) 
S/100 SMO 
Concentration of culture filtrate 
Fig 37 b Regression lines showing the linear relationship of 
different dilutions of culture filtrate of Trichoderma 
viridae grown on medium containing different nitrogen 
sources, with mortality of larvae of Meloidogyne 
incognita. 
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Table 4.39 : Effect of culture filtrate of Trichothecium roseum grown on 
dlffensnt nitrogen sources on mortality of larvae of root knot 
nematode (Meloidogyne incognita). 
Culture fil trate of 
the fungus grown in 
medium with/dilution 
Mortality (%) after (days) 
KN03 
NH4N03 
(NH^)2S04 
Asparagine 
Glycine 
Lysine 
Methionine 
Urea 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
s/10 
S/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
Distilled water 
C D . at 5% 
S 
S/10 
S/100 
stand! 
68.9 
26.7 
15.1 
78.0 
30.7 
20.7 
84.6 
33.2 
24.8 
78.0 
32.8 
21.0 
89.3 
35.1 
25.1 
80.6 
32.8 
22.7 
73.0 
27.2 
16.0 
66.2 
24.6 
12.3 
00.0 
01.070 
79.0 
28.8 
19.2 
100.0 
39.5 
28.1 
100.0 
49.6 
36.8 
100.0 
41.6 
29.5 
100.0 
51.3 
43.5 
100.0 
48.1 
32.6 
83.9 
29.2 
19.8 
76.6 
26.4 
14.5 
01.4 
01.019 
92.6 
41.6 
20.8 
100.0 
53.0 
31.7 
100.0 
62.0 
43.4 
100.0 
55.5 
33.5 
100.0 
65.2 
54.6 
100.0 
59.4 
39.7 
92.4 
40.7 
21.6 
83.8 
38.3 
17.1 
02.6 
01.092 
100.0 
52.8 
25.9 
100.0 
65.3 
33.4 
100.0 
76.3 
48.6 
100.0 
68.5 
39.6 
100.0 
79.3 
50.2 
100.0 
70.0 
43.1 
100.0 
54.5 
29.3 
97.0 
50.9 
20.2 
03.3 
01.204 
Standard (100 percent) 
(010 percent) 
(001 percent) 
Each figure is mean of ten replicates of 
each treatment. Each replicate with ten 
petr iplates containing hundred larvae. 
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110 r 
(NH4)2SOA + Y= 57 05+31 .77 (X -1 .5 ) 
-• - Asparagine o Y= 52.85* 31.90(X-1.5) 
NH,NO-; 
KNO3 
O Y= 50 50»32.20(X-1.5) 
• Y=A5.50*31-72(X-1.5) 
S/100 5/10 
Concentration of culture filtrate 
10L 
Fig. 38 Q Regression lines showing the linear relationship of 
different dilutions of culture filtrate of Trichotheciutn 
I'oseum grown on medium containing different nitrogen 
sources, with mortality of larvae of Meloidogyne 
incognita. 
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110 r 
Glycine + Y=58-2*31 92 (X-15) 
Lysine O Y= 5A 13*31.69 (X-1.5) 
Methionine © Y= A6 77*31 53 ( X - l 5) 
- - - Urea • Y=A3 60*32.08(X-1.5) 
S/100 S/10 
Concentration of culture f i l t rate 
10 L 
Fig 38 b Regression lines showing the linear relationship of 
different dilutions of culture filtrate of Trichothecium 
TOseum grown on medium containing different nitrogen 
Ijwurces, with mortality of larvae of Meloidogyne 
incognita. 
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Table 4. ^0 : Effect cf culture filtrate of Penicillium vermicu latum grown on 
different nitrogen sources on mortality of larvae of root knot 
nematode (Meloidogyne incognita). 
Culture filtrate of 
the fungus grown in 
medium with/dilution 
Mortality (%) after (days) 
KN03 
NH.NO^ 4 3 
(N«4^2S°4 
Asparagine 
Glycine 
Lysine 
Methionine 
Urea 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/100 
S/100 
S 
S/10 
S/100 
s 
s/10 
s/100 
s 
s /10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
Dis t i l led water 
C D . at 5% 
66.4 
18.7 
13.2 
68.8 
19.2 
14.3 
79.0 
23.5 
19.4 
69.8 
19.6 
14.6 
76.2 
21.9 
17.3 
71.7 
20.6 
15.9 
87.4 
27.9 
21.6 
62.0 
15.8 
11 .1 
00.0 
00.970 
76.9 
31.7 
16.8 
84.2 
31.3 
17.1 
88.6 
36.5 
23.1 
80.9 
32.5 
17.5 
83.3 
35.7 
20.2 
84.0 
33.4 
17.5 
100.0 
38.9 
33.9 
74 .1 
28.3 
14.0 
01.44 
01.019 
88.8 
46.2 
20 .3 
93.6 
48.9 
23.8 
97.0 
55.3 
29 .1 
91.5 
49.8 
24 .1 
94.0 
51.4 
26.9 
96.3 
50.3 
25.5 
100.0 
59.3 
35.4 
86.7 
40 .3 
16.5 
01.60 
00.992 
100.0 
58.3 
22.6 
100.0 
60.4 
26.4 
100.0 
68.0 
35.6 
100.0 
61.7 
28.5 
100.0 
64.4 
33.0 
100.0 
63.0 
30.5 
100.0 
71.7 
40 .1 
96.8 
53.3 
18.3 
03.3 
01.204 
S = standard (100 percent) 
S/10 = (010 percent) 
s/100 = (001 percent) 
Each figure is mean of ten replicates of 
each treatment. Each repl icate with ten 
petr iplates containing hundred larvae. 
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l l O r 
100 -
o 
or 
o 
2 
(+) 
{ - ) 
(NH^)2S0A +Y=51 7A*32 23 ( X - 1 . 5 ) 
- - AspQragineoY=A8 3902 31 (X -15 ) 
NH^N03 oY=A7 54«32 3 9 ( X - 1 5 ) 
KNO3 •Y=A6.06*32 56( X-15) 
S/100 S/10 
Concentration of culture filtrate 
10 L 
Fig 39Q Regression lines showing the linear relaticmship of 
different dilutions of culture filtrate of Penid Ilium 
vermiculatum grown on medium containing different 
nitrogen sources, with mortality of larvae of 
Meloidogyne incognita. 
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110 r 
o Y=5019O2 13(X-15) 
o Y=49 21*32 2A(X-15) 
• Y=A29A01 53(X-1.5) 
S/100 S/10 
Concentration of culture filtrate 
Fig 39 b Regression lines showing the linear relationship of 
different dilutions of culture filtrate of Penici Ilium 
vermicu latum grown on medium ocmtaining different 
nitrogen sources, with mortality of larvae of 
Meloidogyne incognita. 
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Table 4 . 4 1 : Effect of culture f i l trate of Eplcoccum purpurascens grown on 
different nitrogen sources on mortality of larvae of root knot 
nematode (Meloidogyne incognita). 
Culture fil trate of 
the fungus grown in 
medium with/dilution 
Mortality (%) after (days) 
KNO. 
4 3 
(NH4)2S04 
Glycine 
Lysine 
Methionine 
Urea 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
S/100 
Asparagine S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
S/100 
Distilled water 
C D . at 5% 
59.8 
16.4 
08.5 
57.6 
15.4 
07.3 
63.4 
17.3 
09.4 
63.4 
19.4 
11.7 
60.9 
17.5 
09.9 
67.2 
22.6 
16.8 
65.6 
20.4 
13.7 
57.2 
14.2 
06.1 
00.0 
01.132 
83.7 
34.8 
17.6 
78.9 
31.6 
15.5 
84.8 
35.0 
19.1 
87.2 
38.1 
21.0 
87.7 
35.3 
19.5 
88.4 
41.4 
26.5 
86.1 
39.6 
23.7 
73.0 
29.8 
12.3 
00.0 
01.075 
92.0 
48.9 
23.1 
90.2 
45.9 
19.7 
96.5 
49.2 
24.6 
95.1 
50.6 
26.4 
98.0 
50.0 
25.6 
100.0 
52.8 
30.7 
100.0 
51.6 
27.2 
87.9 
41.3 
15.7 
01.6 
01.153 
100.0 
60.0 
32.5 
100.0 
58.9 
28.3 
100.0 
60.6 
34.9 
100.0 
63.1 
36.2 
100.0 
62.5 
35.5 
100.0 
69.9 
41.4 
100.0 
67.4 
38.5 
96.4 
56.2 
22.5 
03.4 
01.296 
S = standard (100 percent) 
S/10 = (010 percent) 
S/100 = (001 percent) 
Each figure is mean of ten replicates of 
each treatment. Each replicate with ten 
petr iplates containing hundred larvae. 
143 
110 r 
100 
4/ 
0 
cr 
o 
( + ) 
{ - ) 
lOL 
Epicoccum purpurascens 4 
Asparogme 
(NH^)2S0^ 
KNO3 
NH^N03 
+ Y=50 67*3166(X-15) 
oY=A9 72*3154(X-1.5) 
O Y=4e.97*31.72{X-1.5) 
• Y=47.65*32j0/i(X-1.5) 
S/100 S/IO 
Concentration of culture f i l trate 
Fig ACQ Regression lines showing the linear relationship of 
different dilutions of culture filtrate of Epicoccum 
purpurascens grown on medium containing different 
nitrogen sources, with mortality of larvae of 
Meloidogyne incognita. 
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110 r 
100 -
? 60 
Epicoccum purpurascens 
+ / . / / Lysine + Y=5367*3182(X-15) 
Methionine o Y=52.3201.87 (X-1 5) 
o Y=5a37*31.82 (X-1 5) 
• Y=4,4 62*31 27(X-1,5) 
Glycine 
- Urea 
S/100 S/IO 
Concentration of culture filtrate 
Fig 40 b Regression lines showing the linear relationship of 
different dilutions of culture filtrate of Epicoccum 
purpurascens grown on medium containing different 
nitrogen sources, with mortality of larvae of 
Meloidogyne incognita. 
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nematode but had higher amount of phenols. The same was true 
with the culture fil trate of T. roseum grown in glycine and P. 
vermlculatum grown in methionine. 
4.5 Effect of different carbon sources on growth of Rhlzoctonla 
solanl 
Results shown In table 4.43 Indicate that highest growth 
of fungas was observed in the medium containing rhamnose as 
carbon source followed by starch, xylose, r lbose, arablnose, 
sucrose, glucose and fructose. Not much difference was observed 
in growth of the fungus In the media containing different carbon 
sources tested (Table 4.43). 
4.6 Effect of culture filtrate of Rhlzoctonla solanl grown In the 
medium containing different carbon sources on hatching and 
mortality of larvae of M. Incognita and phenolic content of 
the culture filtrate 
4.6.1 Hatching 
The hatching of larvae of M. incognita was least in the 
culture filtrate of the fungus grown in the medium containing 
fructose. Highest hatching was observed in culture filtrate of 
fungus grown in s tarch . The hatching was intermediate in the 
culture fil trate of fungus grown in the remaining carbon sources 
(Table 4.44; Fig. 41). 
4.6.2. MortaUty 
The mortality of larvae of M. incognita was 100 percent 
in 'S ' concentration of culture fi l trate of R. solani grown in media 
containing different carbon sources. The mortality of larvae in 
S/100 concentration of culture fil trate was highest when grown 
in the medium containing fructose followed by ribose, arablnose. 
147 
Table 4 .43 : Effect of d i f f e r e n t carbon sources on 
growth of Rhizoctonia solanl. 
Carbon sources Growth of fungus (mg) 
Sucrose 
Arabinose 
Fructose 
Glucose 
Rhamnose 
Ribose 
Xylose 
Starch 
CD. at 5% 
123.33 
124.63 
112.21 
115.96 
151.86 
130.66 
134.78 
149.04 
002.906 
(+01.07) 
(-09.00) 
(-05.96) 
(+23.16) 
(+05.96) 
(+09.31) 
(+20.87) 
Figures in parenthesis show increase ( + )/decrease (-) in growth 
of the fungus in media containing different carbon sources over 
basal media containing sucrose. 
Each reading is mean of ten replicates in a treatment with ten 
flasks in each replicate. • 
148 
Table 4.4 4 : Effect of culture filtrate of Rhlzoctonia solani grown on different 
carbon sources on hatching of larvae of root knot nematode 
(Meloidogyne incognita) 
Culture fi l trate of 
the fungus grown in 
medium with/dilution 
Cumulative hatch of larvae after (days) 
Sucrose 
Arabinose 
Fructose 
G lucose 
Rhamnose 
Ribose 
Xylose 
Starch 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
s/100 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
Distilled water 
C D . at 5% 
000.0 
157.9 
199.7 
000.0 
116.7 
160.0 
000.0 
093.6 
128.7 
000.0 
121.0 
173.3 
000.0 
136.0 
197.0 
000.0 
100.0 
146.7 
000.0 
143.3 
203.3 
000.0 
178.8 
236.7 
246.7 
005.050 
000.0 
283.2 
385.0 
000.0 
160.0 
289.3 
000.0 
124.5 
233.3 
000.0 
173.7 
303.3 
000.0 
201.5 
322.7 
000.0 
143.0 
260.0 
000.0 
221.3 
343.7 
000.0 
301.0 
398.0 
463.4 
005.163 
027.6 
627.5 
893.3 
009.3 
426.6 
706.7 
006.7 
276.7 
640.0 
013.0 
483.0 
740.0 
015.4 
578.4 
815.2 
000-0 
396.6 
683.4 
019.3 
575.1 
866.7 
033.0 
643.1 
986.0 
1036.7 
006.698 
063.7 
841.0 
1703.0 
040.0 
728.0 
1393.3 
023.3 
586.7 
1066.3 
046.7 
790.0 
1453.0 
053.3 
823.3 
1583.0 
000 .0 
693.0 
1283.0 
060.0 
856.0 
1572.6 
078.0 
975.4 
1974.6 
2150.0 
012.037 
S = standard (100 percent) 
S/10 = .(010 percent) 
S/100 = (001 percent) 
Each figure is mean of ten replicates of 
each treatment. Each replicate with ten 
petriplates containing ten egg masses. 
149 
i 
wm7/. 
K\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\W 
V///////////////A 
\\\\\\\\\\\\\\\\\\\v\\\\\\\\\\\\\\\\\\ww 
V////////A 
k\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\W^ 
V////////////y. 
i\\\\\\\\\\\\\\m\\\\\\\\\\\\\v\\\\\\\w 
v///////////////Am 
K\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\-^ 
• ^ " ^ i i i i y i i r I ^ M 
K\\\\\\\\\\\\\\\\\\\\\\\\\\\\V\\\\\\\\\\-^ 
^ ^ 
K\\\\\\\\\\\\\\\\\\\\\\\\\\\\\VVV\\\\\\\V 
o o s CO o 
—r— 
O 
(0 
CD 
x; 
X) 
5 
(0 
u 
< 
u 
D 
CO 
- t 
o 
c o 
"I 
00 O 
•a 
o 
(0 
(0 
1 
N 
I % 
en. o ° 
o 
r-l 
(O-
en-
Kl 
(D 
CO 
O 
^ £ 
•=< o 
U L I 
O 
5 
o 
II 
o 
«-> 
CO 
£ (0 
. 8 
° l 
0,2 
a 11 • 
fltJ to 
^ §'•3 
5§i| 
'si 
ffl 2 
5fi*8 
DO 
o © is 
2i 
g§ 
i5 JO 
< » 
£> 
X3 
CD 
LI 
< CO 
• i 
CD 5 
O CO 
CO „ 
CO CC 
(%) 8aiip)eq of oonanpOH 
150 
glucose, rhamnose, xylose, sucrose and least in culture f i l trate 
of medium containing starch (Table 4.45; Fig. 42 a 6 b ) . 
4.6.3 Phenolic content of culture filtrate 
The phenolic content of the culture filtrate of the 
fungus in different carbon sources was highest when fungus was 
grown in the medium containing fructose and least in the medium 
containing starch (Table 4.46). 
4.7 Effect of different nitrogen sources on growth of Rhizoctonia 
solainl 
It is evident from the table 4.47 that highest growth 
of the fungus was observed in the medium containing ammonium 
sulphate as the nitrogen source followed by ammonium ni trate , 
potassium nitrate, asparagine, urea, lysine, glycine and methionine. 
Inorganic nitrogen sources supported good growth of fungus than 
organic sources. In amongst different nitrogen sources tested 
methionine did not support much of the growth of the fungus 
(Table 4.47). 
4.8 Effei::t of culture filtrate of Rhizoctonia solanl grown in the 
medium containing different nitrogen sources on hatching and 
mortality of larvae of Meloidogyne Incognita and phenolic 
content of the culture filtrate 
4.8.1 Hatching 
The hatching of larvae of M. incognita was least in the 
culture filtrate of the fungus grown in the medium containing 
lysine. Highest hatching of larvae was observed in the culture 
filtrate of the fungus grown in asparagine. The hatching was 
intermediate in the culture fi l trate of the fungus grown in the 
remaining nitrogen sources separately (Table 4.48; Fig. 43). 
Table 4.4 5 
151 
1 : Effect of culture filtrate of Rhizoctonia solani 
different carbon sources on mortality of larvae of 
nematode (Meloidogyne incognita). 
Culture filtrate of 
the fungus grown in 
medium with/dilution 
Sucrose 
Arablnose 
Fructose 
G lucose 
Rhamnose 
Ribose 
Xylose 
Starch 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
S/100 
s 
S/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
Distilled water 
C D . at 5% 
S 
S/10 
S/100 
standard (100 
(010 
2 
53.5 
12.3 
03.7 
60.6 
13.6 
06.7 
66.6 
14.2 
08.7 
57.0 
13.2 
05.9 
60.4 
12.9 
05.3 
62.1 
14.1 
07.3 
52.7 
12.6 
03.5 
48.3 
11.3 
02.5 
00.0 
01.251 
percent) 
percent) 
(001 percent) 
Mortality (%) i 
3 
67.4 
24.5 
09.8 
75.6 
26.2 
13.1 
87.8 
27.4 
16.3 
70.1 
25.6 
11.8 
73.6 
25.1 
11.2 
82.3 
26.5 
14.5 
79.8 
24.9 
10.1 
71.0 
23.8 
07.9 
02.8 
01.570 
Each figure is 
each treatment 
after (days) 
5 
86.8 
31.6 
19.6 
91.4 
36.5 
22.2 
94.7 
37.5 
25.3 
87.2 
33.5 
21.3 
89.9 
32.0 
21.8 
93.0 
36.8 
24.1 
90.2 
31.1 
18.9 
84.5 
29.5 
16.0 
03.60 
01.018 
grown on 
root knot 
7 
100.0 
50.9 
21.8 
100.0 
56.6 
27.3 
100.0 
60.8 
29.3 
100.0 
55.7 
25.1 
100.0 
53.0 
24.2 
100.0 
58.2 
28.7 
100.0 
52.2 
22.7 
92.8 
41.5 
19.0 
06.43 
01.066 
mean of ten replicates of 
. Each replicate 
petriplates containing hundred '. 
1 with ten 
larvae. 
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Fructose 4 Yr 4912<-31 23 {X-1.5 ) 
Arabinose o Y= A7.56+31 03 (X-1.5 ) 
Glucose oY= A6 80+31.U(X-1 .5 ) 
Sucrose • Yr A4.7e+30.99(X-1.5) 
S/100 S/10 
Concentrotion of culture filtrate 
10 L 
Fig 42 a Regression lines showing the linear relationship of 
different dilutions of culture filtrate of Rhizoctonia 
solani grown on medium containing different carbon 
sources, with mortality of larvae of Meloidogyne 
incognita. 
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Rhizoctonio solani 
Ribose + Y= A8.32+31.01 (X-1.5) 
Rhomnose o Y= A5 90+30.96 (X-1 5) 
Xylose o Y= A5.32+31.03 (X-1.5) 
Starch • Y=39 • 92+28.16 (X-1.5) 
S/100 5/10 
Concentration of culture filtrate 
Fig. A2 b Regressiffli lines showing the linear relationship of 
different dilutions of culture filtrate of Rhizoctonia 
solani grown on medium containing different carbon 
sources, with mortality of larvae of Meloidogyne 
incognita. 
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Table 4.4 6 : Phenols and ortho-dihydroxy phenols content in 
culture fi l trate of Rhizoctonia solani growth in 
media containing different carbon sources. 
Carbon source Phenols Ortho-dihydroxy phenols 
(mg/ml) (mg/ml) 
Sucrose 1.35 0.088 
Arabinose 1.65 0.132 
Fructose 2.00 0.149 
Glucose 1.60 0.130 
Rhamnose 1.53 0.124 
Ribose 1.75 0.184 
Xylose 1.53 0.120 
Starch 1.34 0.080 
C D . at 5% 0.138 0.0084 
Each reading is mean of ten replicates of each treatment. Each 
replicate with ten flasks. 
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Table 4.4 7 : Eftect of difterent nitrogen sources on growth of 
Rhizoctonia solani. 
Nitrogen sources Growth of fungus (mg) 
KNO3 
NH,NO„ 4 3 
Asparagire 
Glycine 
Lysine 
Methionine 
lirea 
C D . at 'A 
123.33 
124.65 
149.29 
116.78 
105.17 
105.72 
073.20 
115.94 
007.443 
-
(+01.09) 
(+21.07) 
(-05.29) 
(-14.70) 
(-14.26) 
(-40.63) 
(-05.97) 
Figures in parenthesis show increase ( + ) / decrease (-) in 
growth of the fungus in media containing different nitrogen 
sources over basal medium containing KNO . 
o 
Each reading is mean of ten replicates in a treatment with ten 
flasks in each replicate. 
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Table 4.4 8 : Effect of culture filtrate of Rhizoctonia solani grown on different 
nitrogen sources on hatching of larvae of root knot nematode 
Meloidogyne incognita. 
Culture fi l trate of 
the fungus grown in 
medium with/dilution 
Cumulative hatch of larvae after (days) 
KN03 
NH,NO„ 4 3 
^^V2^% 
Asparagine 
Glycine 
Lysine 
Methionine 
Urea 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
S/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
s 
s/10 
s/100 
Distilled water 
C D . at 5% 
000.0 
157.9 
199.7 
000.0 
113.6 
168.6 
000.0 
165.3 
202.3 
000.0 
178.0 
216.7 
000.0 
106.7 
146.7 
000.0 
056.7 
086.7 
000.0 
086.7 
126.7 
000.0 
122.9 
193.7 
246.7 
005.0499 
000.0 
283.2 
385.0 
000.0 
271.3 
376.0 
000.0 
317.3 
422.9 
000.0 
342.0 
495.2 
000.0 
250.0 
363.3 
000.0 
113.4 
263.4 
000.0 
196.7 
333.3 
000.0 
276.3 
384.3 
613.4 
005.163 
027.6 
627.5 
893.3 
007.3 
434.0 
683.3 
034.5 
686.0 
926.3 
043.3 
704.8 
945.0 
006.3 
403.4 
666.7 
003.7 
190.0 
520.0 
003.3 
250.0 
553.0 
009.7 
583.0 
839.5 
1036.7 
008.994 
063.7 
841.0 
1703.0 
045.9 
738.2 
1237.3 
065.0 
953.0 
1760.1 
071.0 
991.8 
1846.0 
038.6 
660.6 
1066.3 
026.6 
330.8 
880.0 
028.0 
363.3 
973.3 
054.5 
769.0 
1517.0 
2150.0 
007.502 
S = standard (100 percent) 
s/10 = (010 percent) 
S/100 = (001 percent) 
Each figure is mean of ten replicates of 
each treatment. Each replicate with ten 
petr iplates containing ten egg masses. 
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4.8.2 MortaUty : 
The mortality of larvae was highest In the culture 
filtrate of the medium containing lysine followed by methionine, 
glycine, ammonium nitrate, urea, potassium nitrate, ammonium 
sulphate and asparagine (Table 4.49; Fig. 44 a 6 b ) . 
4.8.3 Phenolic ccntent of culture filtrate 
The phenolic content of the culture fi l trate of the fungus 
grown in different nitrogen sources was highest when fungus was 
grown in the medium containing lysine and least in asparagine. 
It appears that there is some relation of phenolic content of the 
culture filtrate and hatching and mortality of larvae of M. 
incognita (Table 4.50). It is also evident from above that hatching 
and mortality of larvae was related to phenol contents of culture 
f i l trate. 
4.9 EfUtct of inoculating tomato seedlings cv 'Pusa Ruby' with 
iDoli-knot nematode, M. Incognita and R. solanl grown on 
media containing different carbon sources on growth and 
phenolic content of plant and root-knot nematode population 
4.9.1 Girowth of Plants 
Results presented in Table 4.51 (Fig. 45) show that 
growth and the phenolic contents of tomato were greately influenced 
as a result of inoculation with R. solani grown in medium 
containing different carbon sources. The growth of plants was more 
adversely affected when plants were inoculated with the fungus 
grown on medium containing fructose as carbon source followed 
by that grown in the medium containing sucrose, rhamnose, s tarch, 
r ibose, glucose, arabinose and xylose as carbon sources. The 
growth was least affected when plants were inoculated with R. 
solani grown in the medium containing xylose. However, when 
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Table 4.4 9 : Effect of culture filtrate of Rhlzoctonia solani grown on 
different nitrogen sources on mortality of larvae of root knot 
nematode (Meloldogyne incognita). 
Culture filtrate of 
the fungus grown in 
medium with/dilution 
Mortality (%) after (days) 
KN03 
4 3 
(NH4)2S04 
Asparaglne 
Glycine 
Lysine 
Methionine 
Urea 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
S/100 
S 
S/10 
S/100 
s 
s /10 
s/100 
s 
s /10 
s/100 
s 
s/10 
s/100 
Dis t i l l ed water 
C D . at 5% 
56.8 
12.3 
03.7 
59.4 
13.1 
05.6 
53.7 
12.0 
03.5 
55.9 
11.9 
03.0 
62.0 
14.1 
06.5 
67.0 
17.7 
11.1 
64.6 
16.3 
09.6 
52.1 
12.8 
03.8 
00.0 
01.173 
73.3 
25.0 
09.8 
79.0 
26.9 
12.1 
70 .1 
24.4 
09.5 
71.2 
24.0 
08.4 
100.0 
27.7 
15.3 
85.3 
30.1 
20.6 
81.5 
28.9 
18.3 
73.0 
25.9 
10.7 
02.8 
01.289 
88.0 
42.4 
20.7 
89.9 
44 .3 
25.3 
86.6 
40 .3 
18.3 
82.3 
28.4 
15.6 
93.7 
36.3 
26.1 
100.0 
39.9 
30.3 
100.0 
37.7 
27.5 
90.3 
34.0 
23.4 
03.6 
01.182 
100.0 
55.0 
24.6 
100.0 
57.1 
26.6 
97.8 
42.3 
21.2 
94.6 
41.9 
17.4 
100.0 
62.5 
29.9 
100.0 
66.3 
34.4 
100.0 
64.5 
32.4 
100.0 
56.3 
27.4 
06.4 
01.203 
S = standard (100 percent) 
S/10 = (010 percent) 
S/100 = (001 percent) 
Each figure is mean of ten replicates of 
each treatment. Each repl icate with ten 
petriplates containing hundred larvae. 
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n O r 
NH^N03 + Y=4752*31.12(X-15) 
- KNO3 o Y=A6.50*3n2(X-1 5) 
(NH^)2S0A O Y=42 A7»30ie{X-1.5) 
Asparagme • Y=A1 92*30 32(X-1 5) 
S/100 S/10 
Concentration oi culture filtrate 
Fig 4A a Regression lines showing the linear relaticHiship of 
different dilutions of culture filtrate of Rhizoctonia 
solani grown on medium containing different nitrogen 
sources, with mortality of larvae of Meloidogyne 
incognita. 
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110 r 
100 -
Lysine + Y= 51.77+\1.26 (X-1.5) 
Methionine o Y = 50.32+31.48 (X-1.5) 
Glycine © Y= A9.70+3V3A (X-1.5) 
Urea • Y= 47.52+30.96(X-1.5) 
5/100 S/10 
Concentration of culture fi ltrate 
FigAAb RegressicHi lines showing the l inear relat ionship of 
dif ferent dilutions of culture f i l t r a t e o f Rhizoctmiia 
solani grown on medium containing di f ferent nitrogen 
sources, with mortal i ty of larvae of Meloidogyne 
incognita. 
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Table 4 .50 : Phenols and ortho-dihydroxy phenols content in 
culture filtrate of Rhizoctonia solani grown in 
media containing different nitrogen sources. 
Nitrogen source Phenols 
(mg/ml) 
Ortho-dihydroxy phenols 
(mg/ral) 
KNO3 
NH^NOg 
(NH^)2S04 
Asparagine 
Glycine 
Lysine 
Methionine 
Urea 
C D . at 5% 
1.35 
1.45 
1.29 
1.26 
1.67 
2.28 
2.18 
1.43 
0.169 
0.088 
0.092 
0.090 
0.099 
0.176 
0.209 
0.075 
0.103 
0.035 
Each reading is mean of ten replicates in each treatment. Each 
replicate vdth ten flasks. 
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plants were inoculated with the nematode together with fungus 
grown in media containing different carbon sources, the 
r e d u c t i o n in plant growth was more when R. solani. used 
as inoculum, was grown in the medium containing fructose and 
ribose followed by that grown in the medium containing starch, 
sucrose, xylose, rhamnose, arabinose and glucose. It i s clear 
that reduction in growth of plants was more when fungus was 
grown in the medium containing fructose, i rrespective of the fact 
that plants were inoculated with the fungus alone or together 
with nematode. But difference lies in the order of reduction in 
growth of plants in those inoculated with the fungus grown in 
different carbon sources alone and together with nematode. 
4.9.2 Nematode population (Table 4.51; F i g . 4 6 a 47) 
As a result of inoculation of plants with nematode 
together with fungus there has been reduction in nematode 
numbers as compared with those inoculated with nematode alone. 
The nematode number was least affected when the fungus component 
was grown in the medium containing glucose. The population of 
nematode was least when the fungus component was grown in the 
medium containing arabinose. 
The gall formation was less in concurrent inoculation 
(nematode and R. solani) where the fungus was grown in the 
medium containing sucrose and highest numbers of galls were 
formed when the fungus component was grown in the glucose 
conta ining med ium. 
4.9.3 Phenolic content in plants 
There has been increase in the content of phenols and 
ortho-dihydroxy phenols in plants as a result of Inoculation with 
fungus or nematode or two together (Table 4.52). The increase 
in phenolic content of plants was more in plants inoculated with 
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the two pathogens together than with either of them alone. 
However, the carbon sources, In which the fungus used for 
Inoculation, was grown. Influenced the phenolic contents of plants. 
The phenolic content of plants as a result of inoculation with 
R. solani was highest when the fungus was grown in the medium 
containing xylose and least when fungus was grown in fructose. 
However, in inoculation of plants with R. solani and nematode 
together, the phenolic content was highest in plants where the 
fungus inoculum was grown in medium containing glucose, least in 
medium containing rlbose and fructose. 
There has been a direct correlation between the phenol 
content and growth of plants. In plants, where the reduction 
in growth as a result of inoculation with fungus or nematode or 
both was less there was more phenols in plants. In plants more 
adversely affected by the pathogens there has been ' less phenol 
content. The same trend has been observed with O.D. phenols. (Tab le .4 .52) 
4.10 Effect of Inoculating tomato seedlings cv 'Pusa Ruby' with 
root-knot nematode, M. incognita and R. solani grown on 
media craitaining different nitrogen sources on growth and 
phenolic content of plants and root-knot nematode population 
4.10.1 Growth of plants 
It is evident from the results presented in table 4.53 
(Fig. 48) that growth of tomato was adversely affected as a result 
of Inoculation with nematode/fungus alone or the two together. 
The reduction was more when inoculated with the two pathogens 
together than either of them alone. The nitrogen sources in 
medium, in which the fungus used for inoculation was grown, 
influenced the pathogenicity of fungus. The growth of plants was 
most adversely affected when the fungus was grown in the medium 
containing lysine and least affected when the fungus was grown 
in the medium containing methionine. In amongst the plants inocu-
Fig. 1. Roots of tomato cv 'Pusa Ruby' from plants grown In 
soil Infested with nematode (1000 J „ ) , R. solani (5g/kg 
soil/kg soil) (grown In nematode containing xylose) separately 
and together. 
Fig. 2 . Roots of tomato cv 'Pusa Ruby' from plants grown in 
soil infested with nematode (1000 J „ ) , R. solani (5g/kg 
soil) (grown in medium containing glucose), separately 
and together. 
Fig. 3 . Roots of tomato cv 'Pusa Ruby' from plants grown in 
soil infested with nematode (1000 Jo ) . R« solani (5g/ 
kg soil) (grown in medium containing fructose) separately 
and together. 
Fig. 4. Roots of tomato cv 'Pusa Ruby' from plants grown in 
soil infested with nematode (1000 J ) , £ . solani (5g/kg 
soil) (grown in medium containing fructose) separately 
and together. 
* NEM = Nematode infested alone, R = Rhizoctonia solani 
infested alone. 
R+N = Nematode together with R. solani. 
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Table 4.5 2 : Effect of inoculation of seedlings of tomato cv 'Pusa Ruby' 
with Rhizoctonia solani (grown in medium containing different 
carbon sources separately) alone and together with root knot 
nematode on phenolic contents of plants . 
Treatment/Carbon source Phenols Contents Ortho-dihydroxy Phenols 
in which fungus grown (mg/100 mg) (mg/100 mg) 
Uninoculated (check) 0.393 0.161 
0.675 0.168 
0.431 0.171 
0.712 0.211 
0.607 0.189 
0.769 0.225 
0.399 0.169 
0.693 0.195 
0.524 0.178 
0.778 0.257 
0.482 0.172 
0.751 0.219 
0.524 0.178 
0.693 0.198 
0.694 0.199 
0.741 0.213 
0.482 0.172 
0.694 0.214 
0.033 0.016 
Each figure is mean of ten replicates in each treatment with ten plants in 
each rep l ica te . 
R = RhizoctonJia solani 
N = Nematode 
R+N = R. solani + Nematode (Meloidogyne incognita) 
Inoculated with/ 
Nematode 
R 
R+N 
R 
R+N 
R 
R+N 
R 
R+N 
R 
R+N 
R 
R+N 
R 
R+N 
R 
R+N 
C D . 
Sucrose 
Arabinose 
Fructose 
G lucose 
Rhamnose 
Ribose 
Xylose 
Starch 
at 5% 
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la ted with nematode together with the fungus, grown on media 
c»ntaining different nitrogen sources, the most adversely affected 
plants were those inoculated with the fungus grown on media 
containing urea/glycine and least were those where the fungus 
was grown in the medium containing methionine. 
4.10.2 Nematode population (Table 4.53; Fig. 49 a 50) 
Nematode numbers were adversely affected as result of 
inoculation of plants with nematode together with fungus. The 
adverse effect of the fungus, however varied, with the nitrogen 
sources in which the fungus was grown. The least number of 
nematodes was observed in plants inoculated with nematode 
together with fungus grown in the medium containing methionine. 
4.10.3. Phenolic content of plants 
There has been increase in phenolic content of plants 
as a result of inoculation with the two pathogens separately and 
together. The increase in phenol content was more when both the 
pathogens were present together. The nitrogen sources in media 
in whidn the fungus was grown influenced the phenolic content 
of plants together with pathogens. The phenolic content of plants 
was highest when inoculated with the fungus grown in the medium 
containing methionine and least in the medium containing lysine. 
When plants were inoculated with two pathogens together, the 
phenolic content was highest when the fungus was grown in the 
medium containing methionine and least in the medium containing 
glycine (Table 4.54) . 
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Fig. 1. Roots of tomato cv 'Pusa Ruby' from plants grown In soil 
Infested with nematode (1000 J 2 ) , R. solanl (5g/kg soil) 
(grown in medium containing methionine), separately and 
together. 
Fig. 2. Roots of tomato cv 'Pusa Ruby' from plants grown in soil 
infested with nematode (1000 J 2 ) . R. solanl (5g/kg soil) 
(grown in medium containing lysine) separately and 
together. 
Fig. 3. Roots of tomato cv 'Pusa Ruby' from plants grown in soil 
infested with nematode (1000 J^ ), R. solanl (5g/kg soil) 
(grown in medium containing glycine) separately and 
together. 
Fig. 4. Roots of tomato cv 'Pusa Ruby' from plants grown in soil 
infested with nematode (1000 J , ^ ' -• solanl (5g/kg soil) 
(grown in medium containing urea) separately and together. 
* NEM = Nematode infested alone, R = Rhizoctonia solanl 
infested alone. 
R+N = Nematode together with R. solanl. 
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Table 4 .54 : Effect of inoculation of seedlings of tomato cv 'Pusa Ruby' 
v/ith Rhizoctonia solani (grown in the medium containing 
different nitrogen sources separately) alone and together with 
root knot nematode on phenolic contents of plants . 
Treatment/Carbon source 
in which R. solani 
Total Phenols 
control (mg/100 mg) 
Ortho-dihydroxy Phenols 
(mg/100 mg) 
Uninoculated (check) 
Inoculated with 
Nematode 
R 
R+N 
R 
R+N 
R 
R+N 
R 
R+N 
R 
R+N 
R 
R+N 
R 
R+N 
R 
R+N 
C D . 
KNO3 
NH^NOg 
(NH^)2S04 
Asparagine 
, 
Glycine 
Lys ine 
M ethionine 
Urea 
at 5% 
0.357 
0.413 
0.524 
0.673 
0.493 
0.618 
0.435 
0.495 
0.522 
0.595 
0.396 
0.471 
0.371 
0.671 
0.573 
0.756 
0.431 
0.488 
0.0365 
0.123 
0.131 
0.172 
0.231 
0.161 
0.198 
0.152 
0.168 
0.168 
0.188 
0.418 
0.159 
0.146 
0.228 
0.197 
0.261 
0.152 
0.168 
0.0116 
Each figure is mean of ten replicates in each treatment with ten plants in 
each repl icate . 
R = Rhizoctonia solani 
N = Nematode (Meloidogyne incognita) 
R+N = R. solani + Nematode 
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DISCUSSION 
Results on studies on rhizosphere and rhizoplane fungi 
during active growth of tomato, and before uprooting the plant 
in two growing seasons indicate more rhizosphere mycoflora at 
the former than at the latter. This could in part be due to the 
fact, that during growth of plants the root is actively growing, 
resulting in more availabili ty of nutrients from exudation of roots 
for growth of fungi (Rovira, 1965b).At senescence the root effect 
diminishes, resulting in decrease in rhizosphere and rhizoplane 
mycoflora (Katznelson, 1965). Similar observations on the relation 
of rhizosphere fungi and plant age has been made by Heredia 
et £l_. (1988). The rhizosphere effect i s also different in two 
growing seasons. It is being more active during Sept.-Dec. A soil 
moisture holding capacity of 30-60 percent and 20-32°C 
temperatures have been reported favourable for act ivi ty of large 
number of fungi (Rouatt et^  £ l . , 1963). These conditions , which 
probably prevail during Sep t . -Dec , do not prevail in later part 
of the growing season of March-June, which in part might result 
in low mycoflora in the later growing seasons as compared to 
the other. 
The dominance of Deuteromycetes in rhizosphere mycoflora 
of tomalo could in part be because this group of fungi are 
successful soil inhabitants (Garett, 1981) i . e . those which can 
grow on root exudates as well as after the death of plants as 
saprophytes (Garett, 1981). 
It has been observed that a pathogen becomes more or 
less aggressive or is suppressed depending upon the nature and 
effectiveness of the substances released by i t s associates 
(Sandford, 1959). Root knot nematode forms disease complexes with 
several root disease causing fungi (Powell, 1971). All these studies 
were made under controlled conditions containing only two 
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components of disease complex I . e . nematode and the pathogenic 
fungus. No attempt has been made to study the role of rhizosphere 
fungi known for antibiosis or antagonism on such disease 
complexes. In the present studies an attempt has been made to 
study the role of certain rhizosphere inhabitants v iz . Aspergillus 
flavus, Epicoccum purpurascens, Fusarlum oxysporum, Rhizopus 
nigricans, Penici Ilium vermicu latum, Trichothecium roseum and 
Trlchoderma v i r idae . known antagonists in soil , on disease 
complex Involving Rhizoctonia solani and root knot nematode, 
Meloidogyne incognita on tomato cv 'Pusa Ruby' . 
The isolate of R. solani from the rhizosphere of tomato, 
used in the present studies has been found adversely affecting 
the seed germination and growth of plants (Table 4.4-4.22; Fig. 
I a 8 b - 2 4 a 6 b ) . However, in the presence of root knot 
nematode larvae, the adverse effect of the fungus on seedling 
emergence and growth of plant increases (Table 4.19-4.22; Fig. 
22 a 8 b - 24 a 6 b ) . Thus the isolate tested in these studies 
appears to be pathogenic and involved in the disease complex. 
These results are thus in agreement with those, where root knot 
nematode and R. solani form disease complexes (Golden 8 Van 
Gundy, 1975, Chahal 6 Chhabra 1984 a 6 b; WaUa et_ al^  , 1990 . 
When seeds have been sown in the soil infested with 
different levels of inoculum of A. flavus, E. purpurascens, F_. 
oxysporum, R. nigricans, P. vermicu latum, T. roseum and T. 
vir idae separately, the germination is adversely affected except 
at certain inoculum levels of E. purpurascens, P. vermicu latum 
and T. roseum, where either the germination improves over or 
is equal to check. Least reduction in seed germination, as a 
result of inoculation with these fungi, has been observed when 
soil is infested with T. roseum and T. v i r idae . This Is in general 
agreement, with the findings of Alagarsamy et^  a]_. (1987), where 
seed pelleting with spores of T. vi r idae has given Improvement 
in seed germination of cotton. However, when seeds have been 
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sown In soil infested with R. solani together with any of these 
seven rhizosphere fungi, the least reduction in germination of 
seeds is observed in soil Infested with T. roseum and E. 
purpurascens. When soil has been infested with R. solani, root-
knot nematode together with any of these fungi, the least 
reduction in seed germination has been observed in soil infested, 
besides nematode and R. solani, with P. vermiculatum. By and 
large, the reduction in seed germination has been very significant 
where soil is infested with A. flavus, F . oxysporum and R. 
nigricans separately. All these three fungi have already been 
reported causing damage to seed and plants both in field and 
during storage (Dasgupta 8 Mandal, 1989). Although no attempt 
has been made in the present studies to identify the forme 
specialis of the fungus (p . oxysporum ) but it appears to be 
adversely affecting the tomato as indicated by poor seed 
germination (Table 4.8; Fig. 7 a 5 b - 9 a 6 b ) . 
Since T. v i r idae , T. roseum, E. purpurascens and P. 
vermicu la turn appear least adversely affecting the germination of 
seeds of tomato in a l l the four situations i . e . the fungus alone; 
the fungus and nematode; the fungus and R. solani and the fungus, 
R. solani and nematode, these have been further tested to 
determine their effect on growth of plants in the presence of root 
knot nematode or root knot nematode and R^ . solani. 
These seedlings raised under the above situations have 
been transplanted as under : 
(a) steri l ised soil (b) in soil infested with same 
organism(s) from which the seedlings have been obtained. Although 
al l the four fungi infesting during seed germination affect the 
growth of plants to a varying degree but the least reduction of 
growth of plants has been observed in seedlings raised in soil 
infested with P. vermicu la turn. Obviously, P. vermicu latum is 
not reported as plant pathogenic but is known to grow as the 
soil inhabitant (Subramanian, 1971). 
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Least reduction In growth of plants under bipathogenic 
conditions has been observed when seedlings raised in soil 
infested with nematode and T. roseum have been transplanted in 
s ter i le soi l . However, under tripathogenic conditions the least 
reduction in growth of plants is observed in infestation of soil 
with R. solani, E. purpurascens and nematode at both the levels 
of infestation. 
Although, by and large, the seedlings, raised in soil 
infested with microorganism(s), when transplanted in soil infested 
with the same organism (s ) , suffer more damage, there is 
improvemennt in growth in those seedlings raised in soil infested 
with T. iroseum under monopathogenic conditions, and T. roseum 
and nematode; and T. roseum and R. solani under bipathogenic 
conditions. It thus appears that ill-effect of root-knot nematode 
invasion is mitigated when soil has been infested with T. roseum. 
The effect of T. roseum is more pronounced, when seedlings raised 
in soil infested with T. roseum, ei ther alone or together with 
nematode, have been transplanted in similarly infested soil (Table 
4.19 - 4.22; Fig. 22 a 6 b - 24 a a b ) . It is Ukely that this 
fungus is poor competitor in soil and infestation at seedling 
emergence stage is not enough to have desired effect. Subsequent 
infestation of soil with the fungus has much more desired effect. 
There has been slight variation in the results in studies 
on the effect of these fungi and nematode separately and together 
on seed germination; and on growth of plants under two stages 
of infestations, which is understandable as some fungi specially 
poor competitors are very effective in early stages and other 
in later stages of growth. The fact remains that E. purpurascens. 
T. roseum, T. vir idae appear to be good antagonists for nematode 
and R. solani (Mekhtieva 1962; Bed Ian 1988; Singh 6 Sekhon 1988; 
Turhan 1990). 
Nematode multiplication has also been adversely affected 
in the presence of rhlzosphere fungi and least number of nematode 
180 
has been observed when the soil has been Infested with T. 
roseum. Further, the hatching of larvae of root knot nematode 
Is most adversely affected In the culture filtrates of T. roseum 
and T. vlr idae (Table 4.26 8 4.35; Fig. 26 6 34 and Table 4.25 6 
4.34; Fig. 25 6 33). This corroborates the above findings where 
improved growth of plants has been observed in inoculations with 
nematode together wiith T. roseum which could be due to adverse 
effect of T. roseum on root knot nematode {Table 4.21; Fig. 24 
a 5 b ) . The pathogenic activities of several fungi were found 
inhibited by T. viridae (Elad et^  a_l. ,1983), E. purpurascens 
(Campbell 1956; Singh 1985), T. roseum (Schwenk et^  a2. 1989), 
and P. vermiculatum (BoosaUs,1956; Proksa et^  aj..>1992). 
It is difficult to suggest mechanisms for the antagonistic 
effect of the fungi and specially T. roseum against nematode in 
view of paucity of information, but it appears that fungus 
metabolites could be toxic to nematodes (Smaley fi Strong, 1974, 
Ciancio et al_. , 1988). Trichothecene group of compounds, which 
form a part of metabolites of this fungus, together with other 
compounds could be toxic to nematodes (Uraguchi 6 Yamazaki, 
1978, Schwenk et^  al_. ,1989). Singh (1985), however, identified 
chrysln and p-hydroxy benzoic acid as antagonistic compounds 
from the culture filtrate of E. purpurascens. It is likely that 
these might be affecting the pathogenicity of both nematode and 
fungus. Moreover, T. roseum has been reported as predator to 
nematode (Melditieva, 1962; Qrke 6 Godfrey, 1964). T. viridae and P. 
verm leu la turn are reported parasitizing Rhlzoctonla spp. (Boosalls, 
1956; Elad e^ a^., 1983; Bedlan, 1988). The posslbiUty of 
enzymes In the metabolites of fungus affecting the body of the 
nematode, however, cannot be ruled out (Morgan-Jones et^  a l . , 
1983, 1984). Similarly, E. purpurascens and P . vermicu latum are 
known parasites of some of the pathogenic fungi (Boosalls, 1956; 
Bamford i3t_al.,1961; Sln^ (1985). These might be adversely affecting 
R. solEinl or even nematode through their metabolites. In 
interactions involving root knot nematode and R. solani the 
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presence of T. vi r ldae or E. purpura scans help in mitigating the 
ill-effect on growth of plants. This might In p a r t explain the 
reason of poor disease complexes between nematode and fungi in 
nature than under glasshouse conditions. 
In another study, a negative correlation has been 
observed between the phenol contents of plants, grown in soil 
Infested with microorganisms, and the damage to the plants; with 
highest increase in the phenol content of plants, grown In soil 
infested with T . roseum and root knot nematode (Table 
4.22). This increase in phenolics in Infested plants is well 
documented (Kuc,1966, Kosuge, 1969). The higher the increase 
in phenols the lesser is the damage as suggested by Hung S 
Rohde (1973), Bell (1981). Therefore, less damage to plants in 
infestation in combinations involving T. roseum with root knot 
nematode or R. so lani; P. vermicu latum with R. solani or E. 
purpurascens, R. solani and nematode, could in part be due to 
higher increase in phenols in plants providing resistance (Farkas 
S Kiraly, 1962, Veech. 1982). However, the possibi l i ty , of fungus 
metabolites altering the physiology of plants to favourable 
position, could not be ruled out (Daly, 1976; Uritani, 1976). 
The metabolites of fungi specially the toxic ones are 
influenced by nutrients in the culture medium (Fulton 8 
Bollenbacher, 1968, Charudattan, 1970,Bennette 6 Hindal , 1989). 
Therefore, four rhizosphere fungi have been cultured in Richard's 
medium, where sucrose is replaced by other carbon sources, 
keeping the carbon-level constant and potassium nitrate i s replaced by 
other nitrogen sources, keeping nitrogen level constant in separate 
studies. The culture filtrates of these fungi grown In ribose 
have been found more toxic to root knot nematode i . e . hatching 
has been more adversely affected and mortality of larvae has 
been highest (Table 4.25-4.28; Fig. 25-28 & Table 4.29-4.32; Fig. 
29 a a b - 32 a 6 b ) . Similarly, the culture filtrates of the 
fungi grown in nitrogen sources like methionine and lysine have 
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been more toxic to root knot nematode (Table 4.34-4.37; Fig. 
33-36 and Table 4.37-4.40; Fig. 37-40). There has been a 
correlation between the phenol content of the culture filtrate of 
fungi, grown in media containing different carbon and nitrogen 
sources, and the toxicity of culture filtrate to root knot nematode. 
It appears that toxicity of culture filtrate could in part be due 
to phenol contents. However, the possibil i ty of other metabolites 
of fungus, toxic to nematode, could not be ruled out (Mani et^  a l . , 
1986). These results are, in a way, in agreement with those of 
Boosalis (1956), wherein he reported that R. solani was 
considered more susceptible to P. vermicu latum when cultured 
on media with 20 g glucose. 
There does not appear to be any correlation between 
the carbon/nitrogen sources supporting the growth of the fungus 
and the toxicity of their culture filtrates to root knot nematode. 
Highest growth of T. roseum and T. v i i idae is in the medium 
containing glucose and that of E. purpurascens in sucrose, and 
P. vermicu latum in starch which could in part be due to 
availability of required enzymes in the fungus for their 
metabolisii) (Christensen 8 Daly, 1951). However, for the 
production of toxic components in the metabolites, the enzymes 
required for the production might be supported by carbon and 
nitrogen sources other than those supporting the growth (Sussman 
et a l . 1955). By and large, the fact that glucose has been 
considered as universal carbon source does not hold true in 
present .studies (Lily 6 Harnett > 1951). The results with growth 
of T. roseum and T. viridae in carbon sources are in agreement 
with those of Palmova 8 Maskimova (1970a) and Sesan (1984), 
wherein also the highest growth of the fungus has been obtained 
in medium containing glucose. However, highest growth of E. 
purpurascens in sucrose containing medium Is not in conformity 
with those of Bonell 8 Levetin (1981), where starch favoured 
the growth of E. nigrum. 
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Amongst different nitrogen sources, tested, probably 
nitrates are better utilised by most of the fungi (E. purpurascens, 
T. roseum, T. v l r idae) , because of availabil i ty of required 
enzymes in the fungi for their util isation. Preference of asparagine 
over potassium nitrate for better growth by P. vermlculatum may 
in part be due to lack of enzymes on the part of the fungus to 
convert nitrate sources of nitrogen to amino groups (Cochrane, 
1958). 
Carbon and nitrogen sources have been reported to alter 
the pathogenicity of certain pathogenic fungi CMpathl 6 Grover, 
1976; Hooda a Grover, 1983). Hrushovetz (1957) stated that 
pathogenicity of some heterokaryotic fungi is influenced by amino 
acids present in external medium. Keeping this in view R. solani 
has been grown in medium containing different carbon and nitrogen 
sources in separate studies and i t s pathogenicity has been 
determined in disease complex with root knot nematode. The 
disease development, due to R. solani ei ther alone or with root 
knot nema'tode, has been highest when the fungus has been grown 
in medium containing fructose. It is interesting to note that 
fructose, as carbon source not only supports better growth of 
R. solani, but also supports more production of phenols in culture 
fil trate resulting in more damage to plants, when such fungus was 
used as Inoculum. This is further corroborated by the fact that 
the culture filtrate of fungus [R. solani), grown in media 
containing fructose, has been more toxic to nematode as it results 
in highest mortality of larvae (Table 4.45; Fig. 42 a S b) and 
poor hatching (Table 4.44; Fig. 41). However, the results with 
respect to effect of carbon sources on growth of fungus are not 
in agreement with Singh (1973), where sucrose is considered as 
best source of carbon. This could in part be due to variation 
in the fungus used. 
In amongst different nitrogen sources tested, for raising 
the Inoculum of R. solani, the reduction in growth of plants has 
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been more, when plants are Inoculated with the fungus grown In 
medium containing lysine, while in disease complex with nematode 
and fungus together, the reduction in growth has been more, when 
the latter is grown in medium containing glycine. But under both 
the conditions, the least reduction in growth of plants has been 
observed when the fungus component has been grown in methionine 
(Table 4.53; Fig. 48). The hatching of larvae has been adversely 
affected and mortality of larvae has been more in the culture 
filtrate of the fungus grown in the medium containing lysine. 
Lysine also supported more production of phenols in culture 
f i l t rate. II. is likely that production of toxin is also supported 
by lysine resulting in more pathogenicity. The results are in 
agreement with those of Guengerich (1971) as cited by Yamazaki 
(1978). 
The pathogenicity, besides other factors, also depends 
on the metabolites of the fungus which in turn is influenced by 
the contents of culture media (Toussoun et^  ai. 1960). Therefore, 
in the present studies the changed pathogenicity could in part 
be due to change in metabolites of fungus brought out by different 
carbon and nitrogen sources. This is in conformity with the 
findings of Hrushovetz (1957) wherein it has been reported that 
aminoacid contents of external medium influenced the pathogenicity. 
The mycelium of R. solani is sometimes heterokaryotic (Ogoshi 
1987), which could explain its behaviour. These results are also 
in agreement with those of Weinhold et^  £l_. (1969), who reported 
that nutritional status of the Inoculum of R. solani plays an 
important role in the pathogenicity. Gangopadhyay and Wyllie 
(1979) also reported that damage to plants by Macrophomina 
phaseoli (Maubl) Ashby, besides inoculum level, is determined 
by the Carbon-Nitrogen ratio of the medium In which it was 
grown. It appears that some mechanism of preferential on the 
part of nuclei as suggested by Hrushovetz (1957) might be 
operating in the pathogenicity in the present case. 
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It thus appears from the foregoing that disease complex 
Involving R. solanl and root knot nematode on tomato Is Influenced 
by the associated fungi. It Is not possible to test a l l the 
associated fungi with regard to their role on the interaction, 
but evidences indicate that T. roseum, T. v i r idae , E. 
purpurascens and P. vermiculatum have been somewhat effective 
in reducing! the damage of plants due to disease complexes. The 
toxicity of culture filtrate of these fungi appears to have some 
relation with the phenol content. 
The pathogenicity of R. solanl and also the toxicity 
of the fajr antagonistic fungi are influenced by the carbon or 
nitrogen sources in the medium in which they are grown. This 
helps in explaining why the members of Deuteromycetes behave 
differently under different conditions in nature. 
There appears to be positive correlation between the 
damage of plant as a result of infection with nematode R. solanl 
or associated fungi alone or together (nematode + R. solanl; 
rtematode + R. solanl + associated fungi separately) and the phenol 
content of plants. 
1R6 
SUMMARY 
1. Studies on rhizosphere and rhizoplane mycoflora of 
tomato cv Pusa Ruby, during two growing seasons at plantation 
and harvesting time, Indicated more fungi during plantation and 
growth of plants than at harvest time. There was more activity 
of fungi during the growing season starting from Septenber.The 
members of Deuteromycetes dominated throughout the s tudies. 
The frequency of saprophytic fungi was more during senescence, 
but that of pathogenic fungi such as Rhizoctonia solani during 
the growth period. However, Fusarium oxysporum was isolated 
from the rhizosphere of tomato throughout the year . 
2. Rhizosphere inhabitants such as Aspergillus flavus. 
Epicoccum purpura see ns. Fusarium oxysporum, Rhizopus nigricans, 
Pen! ci Ilium vermiculatum, Trichothecium roseum and Trichoderma 
vir idae , known for antagonistic properties were studied for their 
effect on germination of seeds of tomato cv 'Pusa Ruby' and 
growth of plants ei ther separately or in combinations with R^ . 
solani and/or M. incognita. All the fungi when tested separately, 
adversely affected the germination of seeds of tomato to a 
varying degree except E. purpura scens at the Inoculum level 
of Ig/kg soil and T. viridae at the Inoculum level 5g/kg soil, 
where the germination of seeds either improved or became equal 
to check. At higher inoculum levels (5g/kg so i l ) , A. flavus, 
R. nigricans and F. oxysporum were highly toxic. The adverse 
effect of these fungi on seed germination and growth of plants 
was much more pronounced than the other fungi tes ted. 
In the presence of root knot nematode and R. solani, 
the percent reduction in seed germination was more than in the 
presence of individual organisms. However, when the seeds were 
sown in soil infested with root knot nematode together with any 
one of the seven rhizosphere fungi separately, least adverse effect 
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on seed germination was observed when soil was Infested with 
nematode and T. roseum. 
On the other hand, when seeds were sown In soil 
infested with R. solani together with any one of the seven fungi 
tested, the least adverse effect on seed germination was observed 
in infestations with R^ . solani together with T. roseum. The least 
adverse effect on seed germination and plant growth in the 
presence of root knot nematode, R. solani and any one of the 
seven fungi was observed in soil infested with P. vermiculatum 
together with R. solani and nematode. 
3. The seedlings from the above, were transplanted in 
(a) s ter i l ised soil (b) in soil Infested with similar organism(s). 
Least reduction in growth of plants was observed under single 
fungus inocailation with P. vermicu la turn, but under bipathogenic 
conditions with root knot nematode or R. solani together with 
T. roseum. E. purpurascens, however, proved very effective 
in suppressing the disease in inoculations together with root 
knot nematode and R. solani. 
Nematode multiplication was adversely affected in plants grown 
in soil infested with T. roseum together with nematode alone 
or ^ . solani. 
rrhe phenol and O.D. phenol content in plants was high 
in those least affected by these organisms. 
4. Highest growth of T. vir idae and T. roseum was 
observed in the media containing glucose; of P . vermicu latum 
in starch and of E. purpurascens in sucrose. For a l l the fungi 
tested ribose proved to be most inhibitory for growth. Among 
different nitrogen sources tested, the growth of a l l the fungi 
was highest in the media containing nitrates except P. 
verm leu latum which preferred asparaglne over ni trates . Urea 
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proved to be most Inhibitory for growth of a l l the four fungi 
tested. 
5. The culture filtrates of a l l the fungi adversely affected 
hatching o:^  larvae of root knot nematode. It also resulted in 
considerable mortality of larvae. The adverse effect of culture 
filtrates of T. v i r idae , T. roseum and P . vermiculatum was 
more pronounced on nematode when grown in ribose containing 
medium and that of E. purpurascens grown in arabinose. 
The culture filtrates of fungi grown in the medium 
containing different aminoacids as nitrogen sources were more 
toxic to neimatode. 
There was direct correlation of the phenolic content 
of the culture filtrate of fungi and their toxicity to nematodes. 
6. Rhamnose, among carbon sources and ammonium sulphate, 
among nitrogen sources supported the maximum growth of R. 
solani. A relation of phenol and O.D. phenol content of the 
culture filtrate of R. solani with the toxicity of culture fi l trate 
to root knot nematode was also observed. 
Hatching was adversely affected in the culture fil trate 
of the fvmgus with least hatching in ' S ' concentration of the 
culture f i l t rate. Similarly, mortality was more in ' S ' 
concentration of culture fi l trate. The toxicity of the culture 
filtrate for nematode, however, decreased with dilution of the 
culture f i l t rate. The culture filtrates of R. solani grown in 
medium vdth fructose as carbon source and lysine as nitrogen 
source were more toxic to root knot nematode. 
7. R. solani more adversely affected the plant growth 
when grown on medium containing fructose, ei ther alone or with 
root-knot nematode and least when R. solani was grown in the 
medium containing xylose. Similarly, the adverse effect of 
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R. solanl was more pronounced when the fungus was grown In 
the medium containing lysine when Inoculated alone and in urea/ 
glycine when Inoculated with nematode. 
There was inhibition in root-knot nematode 
multiplication on tomato infected with R^ . solani but highest 
inhibition was observed when the fungus component was grown 
in the media containing arablnose as carbon source and methionine 
as nitrogen source. 
The phenol content of plants infected with R. solani 
or nematode or both increased over check, but increase was 
more in those where growth of plants was least affected. 
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